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INTRODUCTION 


When considering the scheme for the compilation of a Dictionary of Raw Materials 
similai to Watts publications, the members of the Advisory Board appointed by the 
Governing Body of the Council of Scientific and Industrial Research, felt that the new 
compilation should have a different orientation. Watt’s Dictionary of Economic Products 
cl India and the Commercial Pioducts of India were compiled almost entirely with reference 
to the economic exploitation of Indian materials by foreign industrial and commercial 
interests. The Board opined that the primary purpose of the new work should be to secure 
fuller utilization of Indian materials by Indian industrial and commercial interests, and 
therefore that it should also include Indian industrial products. 

The Editorial Committee of the Board, while considering the details of the scheme 
directed that articles on Indian industries and industrial products should form a separate 
volume. This was felt necessary because of two reasons : (a) the obvious difference 
between the treatment of these subjects and raw materials, and (b) the necessity' for 
more fiequent levision of the volume, owing to the rapidly changing industrial picture of the 


Further, the Committee also issued the following directions for the treatment of 
subjects to be included in this volume :— 


1. The articles should give a critical account of published data reeardine 

industries and no new surveys should be undertaken. 

2. In the case of manufacturing industries only methods employed in the 

Sh ° l ! kl b , e described. Important processes followed elsewhere 
should be indicated, with suitable references to literature. 

3. Imported raw materials and processed articles should be included under the 

manufactures or industries, in which they are employed. Their sources 
and the manner in which they are used should be indicated. 

4. The Dictionary should also include Cottage Industries. 

The selection of materials to be included in this volume presented various difficulties 
Several Directories and Reports of Industrial Surveys were consulted, and the fina S 
has been based on the Alphabetical index of the commodities that enter into the fore oS 
Sea-borne Trade of British India (1939), Brady’s Materials Handbook and the Raw 
Materials Guide (Ministry of Supply, London). ’ Kaw 

In the articles on these subjects an attempt is made to trace the devplnnm^t 1 

various industries in India, and to describe their present position. The pnncioal raw 

materials of each industry, their sources and availability are indicated ThL f ii a 
by a descnptton of the manufacturing processes employed in India ' Where ava iabie 
statistical data, drawn from official sources, are included in the trade survey ava,lable > 

The reader will find certain unevenness in the different sections ThJc d,,« * 
present transitional stage in India's industrial development, the absence oTmuch publhhed 
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information on many of the industries, and of statistical data, and (he reluctance on the 
part of certain industries to give information. But grateful acknowledgment is made to the 
co-operation extended to the Chief Editor by several industrialists, experts and Govern¬ 
ment Departments, and by his colleagues. 

The present publication is the first part of this volume. Suggestions for improvement, 
and additional information will be made use of in the subsequent parts and editions. 


20 , Pusa Road, New Delhi. 


B. L. MANJUNATH, 

Chief Editor. 


TO THE READER 

* 


1. Books, journals and periodicals referred to are listed on p. x & xi. The abbreviated 
titles generally conform to those adopted in the World List of Scientific Periodicals (1934). 
In the case of books, the author’s name is followed by the page reference. When two or 
more books by the same author are referred to, the year of publication is given immediately 
after the author s name. After the title of a journal, the year of issue, volume No. (clarendon 
type), number of part, if any, and page No. are listed successively. 

2. A careful selection of references has been made and these are usually inserted at 
the most convenient points in the article, though they have been made use of in a more 
general manner. 

3. In general, literature up to the end of 1945 has been consulted. In the case of 
some ai tides, information published later, has been added during the proof stage. 

4. Statistical information has been taken from official sources, such as the publications 
of the Department of Commercial Intelligence, and the Central Marketing Department. 

5. A list of the less familiar abbreviations and symbols is added for the benefit of the 
general 1 eader. The others employed are as per the Dictionary of Abbreviations by 
C. C. Matthews (1947). 

6. Temperatures, unless otherwise specified, always refer to the Centigrade scale. 
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INDUSTRIES 

PART I 


ABRASIVES 

Abrasives include a wide range of ma¬ 
terials extensively used in almost every 
branch of industry for cutting, drilling, 
grinding and polishing. The materials 
employed are required to be hard, tough 
and sharp. 

The following are the principal natural 
abrasives and the forms in which they are 
used (Salmi, Rec. geol. Surv. India , 1942, 76, 
Bull. Econ. Min., No. 12) : 


H 

Natural Abrasives (Moh’s Forms used 

scale) 


Diamond 

10 

Crystals (bort). 

Corundum 

9 

Grinding wheels. 

Emery 

9-8 

Loose grains for polishing- 
gems, and grinding 

glass. Abrasive cloth 

and paper, and grind¬ 
ing wheels. 

Garnet 

8 

Do. 

Quartz, quartzite 
and sand 

7 

Powder for grinding glass, 
and for sand-paper. 

Flint 

... 

Abrasive cloth and paper. 

Sandstones and 
granite 

Talc 

1 

Millstones, grindstones 

and whetstones. 

Powder for abrasive and 
polishing compositions. 

Felspar 

6 

Do. 

Other siliceous 

... 

Do. 


abrasives (dia- 
tomite, tripolite, 
pumice, rotten- 
stone and sili¬ 
ceous clays) 


The first four are natural high grade 
abrasives. On account of the high cost of 
diamond only inferior varieties (bort), and 
diamond dust are available for abrasive 
purposes. They are used in drilling rocks, 
and in cutting glass. Emery is extensively 
employed for the manufacture of different 
grades of abrasive cloths and papers, and 
loose grains are used for polishing gems, and 
grinding glass. Emery is also bonded into 
wheels for cutting metals. White or grey 
corundum is used for similar purposes. 
Fine grains of corundum are employed for 
polishing gems, and for grinding and be¬ 
velling glass. Abrasive cloths, papers and 
discs are manufactured from graded garnet 
sands. These are used for polishing glass, 
wood, leather, etc. 

The production of diamonds in India 
is very small. Emery suitable for abrasive 
purposes has not been found in the country, 
and during the last War (’39-45) arrange¬ 
ments were^ made for the import of 300 
tons of emery from Turkey. Good grade 
corundum (rock and loose grains) is found 
in Assam, Rewa, Madras ( Salem ) and 
Mysore. It was mined and exported to 
the U. K. during the First World War, 
but there is now considerable difficulty in 
obtaining adequate supplies. Production 
is mostly sporadic, and the material collect¬ 
ed is not properly graded or marketed. 
Most of the garnets produced in India are 
used as gem stones. Garnet sands suitable 
for abrasive purposes occur in Bihar and 
in the Tinnevelly dist., Madras. 

The natural siliceous abrasives are not 
so important and several of them are found 
in adequate quantities in India. Quartz 
and quartz sands are used for sand-blast¬ 
ing, cutting, grinding and polishing stones. 
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marble and glass. Flint is employed as a 
substitute for emery in the preparation of 
abrasive cloths and papers, but in India, it 
is not used to any extent. Millstones, grind¬ 
stones and whetstones are prepared from 
suitable sandstones and fine-grained 
granites. High grade talc is fairly widely 
■distributed and may be converted into talc 
powder for use in polishing compositions. 
Felspar, a waste product from mica mines, 
could be ground to powder and used for 
scouring and polishing compositions. 
In India, diatomite, tripolite, pumice and 
rottenstone, which are used in various ab¬ 
rasive powders and metal polishes, are 
not found in workable quantities. 

In industrially advanced countries na¬ 
tural high grade abrasives are being dis¬ 
placed by artificial abrasives, chiefly due 
to their greater uniformity in shape and 
hardness. The most important of these 
are fused alumina (Alundum, H. 9.2-9.6) ; 
silicon carbide (Carborundum, H. 9.5-9.75) 
and boron carbide (Norbides). in hard¬ 
ness boron carbide is intermediate between 
silicon carbide and diamond. These syn¬ 
thetic grains are used for the production 
of grinding wheels and stones, coated ab¬ 
rasives, grains, powders, etc. 

Synthetic abrasive grains are manufac¬ 
tured in the electric furnace. For preparing 
alundum, high grade calcined bauxite is 
mixed with iron filings and coke and heated 
in an arc furnace for 24 hours. The ingot 
of fused alumina is separated from ferro- 
silicon, crushed and graded. In the manu¬ 
facture of carborundum pure quartz sand 
mixed with high grade coke and powdered 
salt is heated in an electric furnace. Norbide 
is similarly made from boric acid and coke, 
and is now very prominent in the abrasives 
industry. 

The production and use of abrasives have 
not developed to any considerable extent in 
fndia. There arc four large firms manu¬ 
facturing coated abrasives : sand-paper, 
emery paper and cloth, and two firms pro¬ 


ducing grinding wheels and discs. Besides 
the production of coated abrasives is also a’ 
well-established cottage industry. 

The U. S. A. is the chief supplier of 
synthetic abrasive grains and the import 
duty is 30 per cent, ad valorem. 

EXPORTS OF ABRASIVES FROM THE 
U. S. A. TO INDIA* 


(Qty. in iooo !b. and val. in $. 1000) 



Grindstones and other 

Synthetic abrasive 

Year 

natural abrasives 1 

grains 



Qty. 

VaL 

Qy 

\ .1! 

’40 

790 

>9 j 

169 

24 

’4i 

595 

3 1 

183 

16 

’42 

n. a. 

n. a. 

n. a. 

. 

n a. 

’43 

221 

•5 

221 

•4 

’44 

1 77 

7 

r >53 

58 


* For . Comm . G? Navig, U . S. The U. S. A. also supplied 
small quantities of emery powder (22,000 lb. in *43 & ‘44', 
and steel wool for abrasive purposes av. annual imports, 6.Q30 
lb. during '40-441. 

COATED ABRASIVES 

Coated abrasives are : sand, glass or flint 
paper and cloth ; emery paper and cloth ; 
garnet paper and cloth : aluminium oxide 
paper, cloth and combination ; silicon 
carbide paper, cloth and combina.ion ; 
water-proof abrasive paper, etc. These are 
sold in sheets, rolls, discs, belts, tapes or 
coils. The larger consuming industries in 
India are the engineering and automobile 
works, leather factories, railways, and fur¬ 
niture makers. They are extensively used 
lor abrading, polishing and sharpening of 
all types of materials. 

The first attempts at large-scale manu¬ 
facture of coated abrasives were made in 
29 by the Strawboard Manufacturing Co. 
at Saharanpur. In '38, Messrs. Krishanlal 
Thirani & Co. ^Calcutta) went into pro¬ 
duction. and now Messrs. National Sand 
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Paper Mills Ltd. (Rawalpindi), and Ajax 
Products Ltd. (Madras), who started pro¬ 
duction during the last War, are the prin¬ 
cipal producers of coated abrasives. In 
addition, a few small concerns and the 
cottage industry account for about 20 per 
cent, of total production capacity. 

The principal raw materials of this in¬ 
dustry are natural abrasive minerals such 
as quartz, garnet, corundum and emery ; 
synthetic abrasive minerals such as sili¬ 
con carbide and aluminium oxide grains; 
backing paper (kraft), cloth and vul¬ 
canized fibre ; and hide glue as binding 
material. 

Emery is imported from Turkey, and 
silicon carbide and aluminium oxide grains, 
kraft paper and vulcanized fibre, from 
the U. S. A. During the Second World 
War, indigenous corundum was used as a 
substitute. But supplies of corundum were 
inadequate, and its price ranged between 
Rs. 450 and Rs. 600 per ton as against 
Rs. 390 per ton of imported emery. Waste 
glass and glass pieces are used for making 
glass paper, also called sand-paper. 

In the manufacture of coated abrasives., 
abrasive materials which are in the form of 
big lumps ( 9” x 12” ) are first reduced 
to smaller pieces (i"x 1") by a preliminary 
crushing, and later reduced to finer sizes 
by means of roll crushers and graded. The 
mill-roll of paper on which the maker’s 
name and trade mark are printed, is passed 
through a vacuum drum between calender 
rolls in the coating machine and given a 
coating of the hide-glue. The coated sur¬ 
face is next passed under the spreader be¬ 
low a hopper which feeds the abrasive 
grains. It is then given a second coating 
of glue in a sizing machine in order to fix 
the grains on to the backing, and dried 
and rolled into a jumbo, i.e., the finished 
coated abrasive roll. After sufficient ageing, 
it is cut to required size and marketed 
(Rep. Indian Tariff Bd. Coated Abrasives 
Industry, 1946). 


The rated capacity of indigenous pro¬ 
ducers, on the basis of two shifts a day, is 
estimated to be 200,000 reams per annum. 
But owing to shortage of raw materials, 
production has been only 50 per cent, of 
rated capacity. The maximum output 
was reached in ’43 when production was 
84,000-104,000 reams, valued at Rs. 21 
lakhs. 

The value of abrasives, distributed in¬ 
dustry-wise in ’43 was' Rs. 9 lakhs for 
Ordnance Factories and Defence Service 
requirements, and Rs. 18 lakhs for civilian 
use. In terms of quantity consumed, 
this represented 104,000-135,000 reams of 
abrasives. 

In India, sand/flint paper, and corundum 
or emery cloth are in largest demand, and 
these are the principal coated abrasives- 
manufactured. The fair selling price per 
ream of Indian sand/flint paper in ’46 
(July-Dee.)has been estimated at Rs.21-2,. 
and the average landed cost of imported 
paper with existing duty, at Rs. 29-2. In 
the case of carborundum or emery cloth 
made in India, the fair selling price was 
estimated at Rs. 65-11, while the landed 
cost of better grades of imported carborun¬ 
dum or emery cloth was Rs. 62-6 and of 
cheaper grades, Rs. 43-15. Indian prices 
are expected to come down if production is 
increased. With the existing revenue 
duties ad valorem (30 per cent, on emerv 
cloth ; 36 pei cent, standard rate on abra¬ 
sive papers ; and 24 per cent, preferen¬ 
tial rate on imports from U. K.), indi¬ 
genous manufactures can compete with 
imported products. Recently the Govt, 
of India converted these duties into- 
protective duties ad valotem up to 21st 
Mar. ’49. J 

Before ’39, India was importing coated 
abrasives mainly from the U. K., the 
Y* A., Italy and Japan. During 
the War L. K. was the principal 
supplier. 


o 
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EXPORT OF COATED ABRASIVES FROM 
U. K. TO INDIA* 


(Qty. in 1000 cwt., and val. in £1000) 


1 

1 

Emery cloth 
and papers 

Glass and Sand 
cloth and 
l papers 

Other abrasive 
cloths and 
papers 

! 

Cwt. 

Val. 

Cwt. j 

Val. 

Cwt. 

Val. 

, *35-39 

(annual av.) 

2.5 
** \ 

12.8 

! 5.5 1 

*3-7 



40 

4.6 

21.5 

6.6 

23.1 

°-35 

3-* 

*4* 

4 -o 

24.7 

7-t 

30.6 

0.41 

4.6 

*42 

3-7 

25.6 

! 3 1 

*5>5 

0.30 

4-3 

*43 

4 -a 

*7-9 

3° 

14.6 

0.58 

9-2 

’44 

4-0 

35-7 

5° 

23-7 

0.80 

*3* 

*45 

a.G 

>9-7 

I 0.7 

4.0 

0.28 

4-5 


* Tr. U. K., III. 


GRINDING WHEELS 

Grinding wheels are required for grinding 
iron and steel, agate, vitrified bricks, glass, 
granite, leather, porcelain, slate, etc., and 
come into the market in different sizes, 
shapes and specifications. The variety of 
work in which grinding wheels are used 
comprises tool and cutter sharpening, cylin¬ 
drical grinding, roll grinding, general and 
surface grinding and the grinding of cereals 
into starch, flour,'etc. 

In India grinding wheels are at present 
manufactured by two firms : Messrs. 
Grindwell Ltd. (Bombay), and Kata 
Grinding Wheel Works (Amritsar). Messrs. 
Grindwell Ltd. came into existence just 
before the outbreak of the Second W orld 
War. Their present capital investment is 
about Rs. 3.5 lakhs, and they have a rated 
capacity of 250 tons of wheels per annum. 
The Kata Works at Amritsar have a rated 
capacity of bo tons per annum, which 
could be doubled. 

The principal raw materials employed 
in grinding wheel manufacture arc the im¬ 


ported synthetic abrasives, silicon carbide 
and fused alumina, which account for over 
90 per cent, of grinding wheels made in 
India. The Kata Works use Rewa corun¬ 
dum. Compared with imported wheels, 
the efficiency of their wheels was about 
75 per cent. Other raw materials, viz., fire 
clay, pipe clay, magnesite, plaster of p.uL 
and silicate of soda, arc obtained from 
indigenous sources. 

Indian manufactures arc chiefly vitrified 
grinding wheels. In the manufacture <>f 
these, an intimate mixture of abrasive 
grains and clay bonding with the requisite 
amount of moisture, is prepared. The ratio 
of abrasive to the bonding material de¬ 
termines the hardness and density of the 
wheel. The mixture is put into oversize 
moulds and pressed into wheels in hydraul¬ 
ic or hand presses. These are dried for 
two days in a heated room, and then raw- 
dressed and given the required indentations 
and shapes. The last traces of moisture 
arc eliminated by leaving the raw wheels 
in another drying room for 6-30 days 
according to size. Finally, they are loade I 
into kilns of 6ft.-18ft. diameter, and fired 
at several points by coal, oil or gas. The 
highest temperature is reached gradually 
in 8 full days, and similarly, the cooling of 
the kilns is effected gradually. 

The wheels are finally dressed to dimen¬ 
sions on specially designer! machines. \N heels 
over 6' in diameter receive a speed test. 
The vitrified type of wheels have a working 
speed ranging from 5,0006,000 sur¬ 
face feet per min. and the test speed 
is approximately 9,000 surface feet per min 
Silicon, shellac, rubber and bakelite bonds 
are also used for special purp<*ses. the la'* 
two being mainly used for speed exceed¬ 
ing 0,000 surface feet per min. 

There are innumerable types of s>heels 
and segments of different grits and grades 
produced by the same process. But the 
standard t\[>es which are produced and 
sold in large numbers in India are of sizes 
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IO'XI" (wt., 6.8 lb.); 12'xi' (wt., 

.9.7 lb.) ; 1 2"x 2" (wt., 19.0 lb.). The 

quality of Indian grinding wheels gave no 
room for complaint during the War, and 
the Railway Bd. has recently included the 
grinding wheels made by Grindwell Ltd. 
permanently on the approved list. 

INDIAN PRODUCTION OF GRINDING 
WHEELS 


Year 

Tons 

Rs. 

’43 

111 

10,62,643 

’44 

159 

12,32,000 

’45 • • 

187 

7,49 833 


Messrs. Grindwell Ltd. produced over 90 
per cent, of the total Indian production 
and were the principal suppliers to the 
Govt, and the Railways (in ’43. 76,000 lb., 
in ’44, 200,000 lb., and in ’45, 276,000 lb.). 
It is estimated that 40 per cent, of the 


Indian demand comes from the railways 
and ordnance factories and the rest from 
industry. 

The cost of production of Messrs. 
Grindwell Ltd., in ’45, was Rs. 2-12 per 
lb., and it is expected to come down to 
about Rs. 2-4 during ’47-49- But the 
landed cost, ex duty, of imported grinding 
wheels is less than half this figure (Rep. 
Indian Tariff Bd. Grinding Wheels Industry, 
1946). In order to encourage indigenous 
manufacture, the Govt, of India placed a 
temporary ban up to the end of ’48 on the 
import of grinding wheels similar to those 
manufactured in India, and imposed a duty 
of 50 per cent, on other grades of grinding 
wheels not locally made, and removed the 
duty on imported raw materials. After ’48 
it is proposed to impose a 50 per cent, duty 
on all types and grades of grinding wheels. 

Before the War, practically the entire 
Indian demand for grinding wheels was 
met by imports from the U. K. 


EXPORTS OF GRINDING WHEELS ETC. FROM THE U.K. TO INDIA 


;No. in 1000; qty. in icoo evvt.; val. in £ 1000) 


Wheels of artificial 
Year corundum, including 
alundum, aloxite, etc. 


Wheels of corundum 


Other hard abrasives 
manufactured 


Other manufactured abrasives 
ground, pulverised, refined or 
otherwise prepared 


Natural Artificial 


’ 35-39 ! 

No. 

Qty. 

Val. 

No. 

Qty. 

Val. 

^annual 
av.) j 
’40 

17.4 


8.0. 

1 7-5 


10.3 

3 * 1 - 6 

2.0 

1 9-5 

52.1 

3-4 

26.8 

’ 4 i 

54-2 

3 *° 

29.6 

23.0 

1 *7 

15.0 

’42 

3 1 - 6 

1.8 

16.9 

3°-9 

2.6 

20.9 

43 

7-2 

°-3 

3 - 1 

27.5 

i.8 

15.0 

’44 

18.3 

t -5 

12.4 

66.0 

5-5 

45-3 

’45 

9-4 

0.6 

5 * 1 

43-4 

2.6 

23.1 


No. 

Qty. 

Val. 

Qty- 

Val. 

Qty- 

Val. 

39-5 

2.5 

22.9 

5 -i 

6.9 

0.6 

3-7 

53-2 

2.8 

25 -‘ 

4-3 

6.1 

1.1 

6.2 

60.4 

3-6 

3 i -9 

1.6 

2.8 

0.7 

4.6 

74.6 

4-5 

4 I -3 

2-5 

5 -° 

1.2 

5-5 

27-3 

7-9 

69.7 

5-7 

t 5-5 

2.1 

14.0 

48.O 

3-2 

28.9 

5 -i 

13.7 

1.6 

9-9 


* Tr. U. K„ III. 
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ACETONE 

Acetone is a clear colourless mobile 
liquid with a characteristic odour and a 


pungent sweetish taste (sp. gr./i5°, 
0 -7972 ; b. p., 56.5° ; wt. per gal., 8.0 lb.)! 
It is highly inflammable, its flash-point 
being—16", and its vapours form explosive 
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mixtures with air. It is miscible with 
water, alcohol, ether and chloroform. It 
dissolves several organic substances, especi¬ 
ally volatile and fixed oils, resins, tannins, 
etc. Acetone also dissolves potassium 
permanganate, and when pure, it is not 
acted upon by it. 


m c CT C!> over nrst - 1 his is also known a* 
methyl acetone.’ and is used as a solvent 
and denaturant. The technical produc 
from the Mysore Iron Works contains 
50-55 per cent, of acetone (vide Wood dis¬ 
tillation), the rest consisting of methyl are 
tate, methyl alcohol, etc. 7 e ' 


. Acetone is present in very small amounts 
in normal urine, but the proportion 
becomes prominent in diabetes. Its pres¬ 
ence is detected by Legal’s test. A slightly 
alkaline solution (KOH) with sodium nitro- 
prusside gives a red colour, which changes 
lapidly to yellow, and on the addition of 
acetic acid becomes reddish-violet and finallv 
blue. 1 

Acetone is a valuable industrial solvent. 
Its chief uses are in the manufacture of 
acetate rayon (4 lb. being required for 
1 lb. of 1 ay on), as a solvent for nitrocellu¬ 
lose in the manufacture of cordite and 
smokeless powders, and for the storage of 
acetylene (q. v.). 22 lb. of acetone are re¬ 
quired for the manufacture of 100 lb. of 
cordite, and solvent recovery is about 5-7 

r i^ C , e ^°, ne is also used in the manufacture 
of celluloid varnishes, paints, and aeroplane 

dopes, and is employed for the extraction 
of fats and oils, and various drugs and 
perfumes. 

In India, acetone is principally used in 
the manufacture of cordite and smokeless 
powder, and the civilian demand is chiefly 
for use in acetylene cylinders (25 tons per 
annum). v v 

Acetone is one of the constituents of 
pyroligneous acid obtained during wood 
distillation (q. v.), and during its pioces- 
sing, it passes into crude methanol of which 
it forms about 15 per cent. It cannot be 
separated fiom methyl alcohol by fractional 
distillation, since the two form a constant 
boiling mixture (go per cent, acetone, and 
10 per cent, methyl alcohol) of b. p., 65.9°. 
Consequently, during the rectification of 
‘ crude methanol,’ the constant boiling mix- 


Acetone was formerly manufactured 
almost entirely from grey acetate of li me 
obtained from pyroligneous acid. The ma 
tenal contains usually 80-82 per cent 
of calcium acetate and on heating decom¬ 
poses thus : 5 


(CH 3 COO) 2 Ca^CH 3 COCH 3 +CaCO 3 

A modification of this method is the direct 
catalytic conversion of acetic acid to 
acetone. 


j. ecnmcai grey acetate is charged into 
shallow trays in a closed chamber and 
heated in an inert atmosphere to 450-^00° 
for about 8 hrs. The crude acetone formed 
is condensed and run into storage. Crude 
acetone is diluted with an equal volume of 
water and vigorously stirred when acetone 
oils consisting of higher ketones such as 
methyl ethyl ketone, etc., separate out and 

0 J’™, an 1 ody Jf y f r - The aqueous portion 
which holds all the acetone is subjected to 
fractional distillation, and fractions, which 
are completely miscible with water and 
are stable towards permanganate, are 
removed as the finished product. Acetone of 
very high purity is required for the manu¬ 
facture of smokeless powder, and for the 
celluloid industry. 


•m C ft° ne od * s § ra dcd into ‘ white acetone 
°? >, P*> 7 °' i 3°°5 and ‘ yellow acetone 

oil, b. p., 130-250 ’. These are also used 
as solvents and denaturants. 


100 lb. of grey acetate yield nearly 18 lb. 
of acetone and 4.8 lb. of acetone oil. Ace¬ 
tone was being manufactured by the above 
process in the Cordite Factory at Aruvan- 
kadu (Nilgiris) from grey acetate obtained 
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from the wood distillation plant of the 
Mysore Iron Works at Bhadravati. During 
the last War (’39-45), owing to fall in sup¬ 
plies due to decrease in the quantity of 
wood distilled, and the urgent need for 
•acetone for the production of increased 
-quantities of cordite, a plant was erected for 
production of i 5 ooo tons of acetone annually 
from alcohol. 

In the process developed by the British 
Industrial Solvents Ltd., a mixture of 
alcohol and superheated steam ( 1:4) is 
passed through a series of reaction vessels 
at 470° containing specially chemically 
treated ferric oxide. The following reaction 
takes place : 

2 C.HjOH+LLO ->(CH 3 ) 2 CO-f 4 H 2 +C(X 

The gases containing also some unconverted 
alcohol pass through condensers and scrub¬ 
bers, the concentration of acetone in the 
condensate being about 5 per cent. From 
this, pure acetone is obtained by rectifica¬ 
tion. The best yield is of the order of 80 per 
cent. 

The fermentation process for the techni¬ 
cal production of acetone was developed 
during the First World War by Weizmann 
following the earlier investigations of 
Fernbach (Riegel, 350; and Industr. Engng. 
Chem., 1928, 20, 1063). Under carefully 
controlled conditions, the organism, Clos¬ 
tridium acetobutylicum , isolated from the sur¬ 
face of corn and other cereals, and also 
found in the soil, acts on corn mash and 
degrades starch into butyl alcohol, acetone 
and ethyl alcohol (6:3:1). It has now 
been adapted for the fermentation of molas¬ 
ses. Sugar concentration is kept at 5 per 
cent., some nitrogen is supplied and the 
entire fermentation is carried under sterile 
conditions for about 45 hrs. The yield of 
mixed solvents on the basis of the sugar 
content of molasses is 30-33 per cent. 
These are separated by distillation and the 
constituents are separated and purified by 
fractional distillation ( Industr. Engng. Chem., 
J 937> 29,1399). 


During the First World War, a plant in 
Canada working Weizmann’s process pro¬ 
duced about a million gallons of acetone 
in two years. A factory was being erected 
in India (at Nasik), to produce acetone 
from rice and jawar {Sorghum vulgare ). The 
project was dropped when the War ended. 
Fowler et al. - 1 , Indian Inst. Sci., 1921, 
4-A> U I 9 2 5 > 8A, 71 and 84) have attempted 
to use mahua flowers {Madhuca indica ) in 
acetone-butylic fermentation. The ferment¬ 
ation process using molasses is now being 
worked in the U. S. A. mainly for the pro¬ 
duction of butyl alcohol, and acetone is 
obtained as a secondary product. 

Large quantities of acetone are also manu¬ 
factured from propylene, a constituent of 
gases evolved during the cracking of petro¬ 
leum. Propylene is converted into isopro¬ 
pyl alcohol and the latter dehydrogenated 
or oxidized to acetone. Acetylene forms 
another raw material for the production of 
acetone. The process of conversion is simi¬ 
lar to the one for producing acetaldehyde 
except that longer time is allowed : 

CH—CH+H.O-^ CILCHO-* 
2 CH ! CH 0 +H, 0 -»(CH 3 ) 2 C 0 +C 0 ..+ 2 H. 

The rapid expansion in the production of 
acetone in America by synthetic and fer¬ 
mentation processes has brought down the 
price to 5 c. per lb. 

BUTYL ALCOHOL 

N-Butyl alcohol obtained by the ferment¬ 
ation process is a colourless inflam¬ 
mable liquid of b. p., 115 0 . It is also pre¬ 
pared synthetically from acetaldehyde. It 
dissolves in water to the extent of about 
10 per cent, by weight, but is freely mis¬ 
cible with most organic solvents. It is 
an excellent solvent for several gums and 
resins, and lacquer and agar, and is ex¬ 
tensively used in the preparation of paints 
and varnishes. Butyl acetate prepared 
from it (b. p., 126.5°) has even better 

solvent properties, and is used for similar 
purposes. 
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ACETYLENE 


Acetylene is a colourless inflammable gas 
obtained by the action of water on calcium 
carbide : 


CaC..— 2H 0 -*C.H.-yCa OH l— 30.4kg.-cal. 

When pure, it has a slightly ethereal odour, 
but when produced from commercial cal¬ 
cium carbide, it has a distinct unpleasant 
odour due to the presence of traces of phos- 
phene, etc. In small quantities the gas is 
non-poisonous, but when present in con¬ 
centrations of more than 40 per cent., it 
may produce asphyxiation. Acetylene dis¬ 
solves in an equal volume of water. It is 
more soluble in organic solvents, especially 
in acetone. At ordinary pressure and 15°, 
acetone absorbs 25 times its volume of 
acet\lene. At 12 atm., it takes up 300 
volumes and at 15 atm. nearly 373 vol. 
This property is made use of for the storage 
of acetylene in the dissolved state. 


Acetylene is an endothermic compound, 
its heat of formation being nearlv 50 kg.- 
cal. g. mol Both the gas (t c , 37° ; p r , 62 
atm and the liquid (b.p., 83.6 ) are highlv 
explosive, particularly under pressure. The 
gas forms explosive mixtures with air. It 
burn> w ith a smoky flame, but when supp¬ 
led with sufficient air, it gives a clear white 
lght. Its molecular heat of combustion at 
standard pressure is 320 kg.-cal. g. mol. Its 
cal.val. is ca. 1,500 B. Th. L . c.ft. compared 
with 500 in the case of coal gas. The lar^e 
amount of heat thus evolved is made use 
of in the oxy-acetylene flame. 


Acetylene reacts with several elements, 
and yields certain metallic derivatives, the 
chief of which is copper acetylide. It com¬ 
bines with chlorine to form additive com¬ 
pounds, but in sunlight the reaction may 
take place with explosive violence. It is 
reduced to ethylene, and in the presence of 
mercury salts it is converted into acet 
dehyde. In recent years, these r .ctions 
have assumed very great technical :npon- 


-- — ior rne synthetic- 

production of numerous open chain organic 
compounds. 0 


cvceiviene is also the starting material for 
the production of the synthetic rubber, known 
as chloroprene or neoprene, and vinyl 
resins and plastic. When heated acetylene 
is polymerized to benzene, and under the 
influence of heat and pressure it vields a 
complicated mixture of tars, oils ancf resins. 


The first commercial use to which acety¬ 
lene was put was as an illuminant. Though 
superseded to a large extent by electricity 
acetylene is still widely used as an illuminant 
or marine and aeronautical purposes in 
buoys, light-houses, signalling lamps, etc. 
Large cylinders holding, in some cases, 
5?o c.ft. of dissolved acetylene and pro¬ 
vided with automatic control and lighting 
devices are fitted to buoys. 


At present the most important use of 
acetylene is^ in the welding and cutting 
industry* Nearly all metals can be welded 
the oxy-acetylene flame which reaches 
a temperature of nearly 35500°. The equip¬ 
ment consists of oxygen and acetylene cylin- 
deis, fitted with pressure reducing valves and 
legulators and a welding blowpipe. Blow¬ 
pipes are available, suitable for welding the 
thinnest gauge of mild steel and also for 
welding steel up to 1" in thickness. Blow¬ 
pipes have also been especially designed for 
the welding of lead sheet used in the con¬ 
struction of storage batteries. According to 
the type of blowpipe and the size of nozzle 
or welding tip, gas consumption may vary 
between 0.2 and 90 c.ft. per hour. Equal 
quantities of oxygen and acetylene are 
usually consumed during normal welding, 
but in special cases, it is possible to use 
a slight excess of acetylene. It is widely 
used for the welding of non-ferrous me¬ 
tals, particularly aluminium in aircraft 
and automobile industries, and for welding 
copper in chemical industry. When weld- 
non-ferrous metals, it is usually 
accessary to employ a flux, the composition 
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of which depends upon the nature of the 
material being welded. Oxy-acetylene weld¬ 
ing finds its greatest scope in light engineer¬ 
ing industry, and in the resurfacing of worn 
parts. 

Acetylene is also used very extensively 
as a fuel gas for the oxygen cutting process. 
Its high calorific value, ready portability 
and ease of manipulation, particularly in 
the dissolved state, make it superior to most 
other fuel gases. It is also employed in 
blowpipes called pistols to melt wires used 
in metal-spraying. 

The usual portable or semi-portable ace¬ 
tylene generator consists essentially of a 
container holding carbide, on which is 
placed a vessel of water, and the water is 
allowed to drip slowly on the carbide. 
The resultant gas is then passed direct to a 
suitable burner. Such small generating 
devices usually hold only a few pounds of 
carbide. Similar in principle, but some¬ 
times larger in size, are automatic acetylene 
generators used for light welding equip¬ 
ment. In these, the carbide is placed in a 
small cage and allowed to dip into water. 
The pressure of the gas generated is em¬ 
ployed to force water away from the carbide 
until the pressure is released. Generators of 
this type usually do not take a charge of 
more than 28 lb. of carbide at a single 
loading. 

The larger types of generator work on the 
principle of dropping carbide into excess of 
water. It is usual to work with a weight of 
- water four times that of carbide. By doing 
this, the temperature of the generator is 
kept fairly low and the resultant acetylene 
is free from products caused by overheating. 
Generators constructed on this principle 
are capable of taking a charge of up to two 
tons of calcium carbide. 

The quantity of acetylene produced from 
calcium carbide depends on the quality of 
the carbide and on the size of grading. 
Theoretically one pound of calcium car¬ 


bide should produce about 5.6 c.ft. of acety¬ 
lene, but this figure is not attained in prac¬ 
tice. The smaller the grading of the car¬ 
bide, the lower is the yield. According to 
B. S. S. No. 642, good quality calcium 
carbide in sizes varying from 15 mm. to 
120 mm. should produce in an efficient 
generator 4.8 c.ft. of acetylene per lb. 
With the smaller portable generators, this 
figure may drop down to 4 c.ft. per lb. 
The pressure in acetylene generators is nor¬ 
mally a few inches of water, but there has 
recently been a tendency to develop 
generators working at higher pressures. By 
law, it is not permitted to exceed a pressure 
of g lb. per sq. in. 

The gas produced from commercial cal¬ 
cium carbide is not a pure product. It 
contains small amounts of the hydrides 
of phosphorus, silicon and sulphur. The 
two former are liable to spontaneous igni¬ 
tion in the presence of air. Further, the 
impurities have a tendency to corrode 
welding equipment and to choke the appara¬ 
tus. Accordingly, in the larger installa¬ 
tions, especially those preparing dissolved 
acetylene, the gas is passed through puri¬ 
fiers containing chromic acid, or ferric 
chloride and small amounts of copper 
and mercury salts (Thorpe, I, 75). The 
purified gas is then dried by means of cal¬ 
cium chloride, passed on to compressors 
and filled in steel cylinders at a pressure of 
15 atm. or 225 Ib./sq. in. 

Dissolved acetylene cylinders contain a 
tightly packed porous substance which may 
take the form of mixture of special grades 
of charcoal, or a fibrous substance such as 
kapok, or a porous cement containing 
charcoal, asbestos, etc. This porous mass", 
saturated with acetone, breaks up the in¬ 
ternal volume of the cylinder into innu¬ 
merable small cavities. If the acetylene is 
compressed into a mass having the right 
degree of porosity (80 per cent.), decom¬ 
position of explosive nature is localised and 
arrested at the point of outbreak. The 
purpose of acetone is to increase the storage 
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capacity of the container. The enhanced 
storage capacity of dissolved acetylene 
cylinders and the cleanliness and ease of 
manipulation of dissolved acetylene have 
been the prime factors for the rapid growth 
of the dissolved acetylene industry. 

35 > dissolved acetvlene was being 
manufactured at Calcutta and Bombay 
and additional units of production came into 
operation by about ’44 at Lahore, Jamshed¬ 
pur, Cawnpore, Bangalore and Colombo. 
Recently three more plants have 
3ecn brought into operation at Madras 
Burnpore and Rangoon. The value of 
dissolved acetylene produced rose from 4 5 
lakhs of rupees in ’38 to nearly 20 lakhs of 
lupees in 43. About 30 per cent, of the 
tota production during the War was ear¬ 
marked for the Govt. 


CALCIUM CARBIDE 


Acetylene cylinders are in various sizes, 
ine most common sizes are of 200 c.ft 
iwt., 200 lb.) 120 c.ft. size (wt., 125 lb.) 

fen. V S [ (wt *» 75 dissolved acety-’ 
cylinders are painted maroon, and are 
JSually provided with a safety disc device 
which permits the contents being vented in 
the event of excessive gas pressure developing 
within the cylinder. The gas should P no f 
be withdrawn from these cylinders at too 
rapid a rate ; the max. rate advisable is 
about 20 per cent, of the total contents of 
the cylinder per hour, i.e., from a 200 c ft 
cylmder not more than 40 c. ft. of acetvlene 
should be drawn per hour. Acetvlene 
cy lnders should be stored in an upright 
position, away from heat or any contami- 

cSf, g 11 SUbS ? nCe , and should be handled 
carefully and without undue violence. 

The chief raw material of the acetvlene 
industry is calcium carbide, and acetone is 
m ' ed a f solvent. The Indian Oxygen 
add Acetylene Co. is reported to require 
annually about 25 tons of acetone to 
iCplace losses due to evaporation (Thomas 
Rep. Develop. Industr. War Supplies’ 

1 944 , 38). J 5 


Calcium carbide is manufactured in v.r 
large quantities in electrical furnaces 
countnes with abundant supplies of rh 
electrical power. In moSZ fuint? 
power consumption is about 3,500 kw ’ 
hrs per ton, and current efficient pcr ' 
cent. The consumption of electrode 
very high (over 70 lb. per ton of carbide $ 
and forms an important item in its cost of 
production. The annual world production 

fh ca < J urn carbide before the War was of 
the order of i| million tons. 

Calcium carbide is manufactured mainly 

cvanamM? 1 ? ,‘T '' ,e fertilizcr ' “>'<1™ 
c>anamide, and for generating acetylene 

hmesf Pr f Parat ! 0n ’ hi S h grade coke and 
limestone free f rom phosphorus are re- 

ternm'id ih C °r e muSt be low in ash con - 
tent and the limestone (CaO, 97-08 per 

cent.) free from magnesium carbonate. The 

of q a 'o fed / nt ? ^ he hirnace in the ratio 
3 • - and laisecl to a temperature of 
over 2,000". The molten carbide formed is 

Ser’Th°°! ed and CrUShcd t0 various 
gades. The largest carbide plants are in 

Canada, U. S. A., South Africa, Norway, 

Switzerland, France and Germany. 

ir,n Ure CaIcium carbide is a colourless, 
transparent, crystalline solid. The com- 

trr!^ 1, | l ,r° d V Ct - Sp ' g r- ’ 2-2 ) consists of 
greyish black lumps, and contains about 80 

per cent, of pure calcium carbide together 
with uncombined lime (14 pe ,- cent.) and 
caibon (i per cent.), and traces of phos¬ 
phides, sulphides and silicides. Owing to 
the readiness with which calcium carbide is 
acted upon by moisture, great care has 
to be exercised in its storage and trans¬ 
port, and on account of the inflammability 
o acetxlene produced, it is necessary to 
protect it against risk of fire. 

v ah him carbide has not been produced 
m India in any quantity, and attempts at 
small-scale production during the War haye 
not proved economical. During the period 
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’35-39, the average annual imports amount¬ 
ed to 2,996 tons valued, at Rs. 6.6 lakhs. Of 
this, roughly 1,250 tons came from Canada, 
1,200 tons from Japan, and the rest from 
South Africa and Norway. During ’38-39, 
the price per ton of carbide, from Japan 
was Rs. 186, and from other sources 
Rs. 250 (J. sci. & industr. Res., 1942, 1, 
13). Imports of carbide are subject to a 
revenue duty of 30 per cent, ad valorem. 

During the War, consumption in India 
rose to nearly 5,000 tons per annum, and 
the annual requirements of the immediate 
post-war period are not expected to rise 
much above this figure. 

ACIDS 

Acids constitute an important group of 
chemicals which play a vital role in the in¬ 
dustrial economy of a nation. In normal 
times, they are mainly utilized for conversion 
into products, used in other industries and in 
agriculture and medicine. During wars, 
there is an abnormal rise in the demand for 
free acids, particularly sulphuric and nitric, 
both of which are required for the manu¬ 
facture of explosives. 

Acids may be classified into two groups 
—inorganic or mineral, and organic. The 
first group is generally manufactured from 
mineral raw materials ; the second, from 
vegetable and animal sources. Recently, 
synthetic methods have been developed for 
the manufacture of some organic acids. 

The more important members of the two 
groups are : 

Inorganic —Boric, Hydrochloric, Nitric, 
Phosphoric and Sulphuric acids ; 

Organic —Acetic, Citric, Gallic, Lactic, 
Oxalic, Stearic, Tannic.and Tartaric 
acids. 

The manufacture of hydrochloric, nitric 
and sulphuric acids, in India, commenced 


some forty years ago, and now only small 
quantities of special grades of these acids are 
imported. The country’s requirements of 
almost all the other acids were met by im¬ 
ports even up to the commencement of the 
Second World War. 

The last War gave a great impetus to the 
production of acids. The production of 
mineral acids, in some cases, was more than 
doubled, and attempts have been made to 
manufacture from indigenous raw materials 
acetic, oxalic, stearic and tannic acids. So 
far only the older processes of manufacture 
have been employed in India. New factories 
are expected to profit by the latest advances 
in other countries in processes and in plant 
construction. 

INORGANIC ACIDS 

Boric Acid 

Boric acid, H 3 BO.„ also known as boracic 
acid, occurs in soft, colourless, odourless 
crystals or flakes, or in the form of powder, 
melting at 184°. It is slightly soluble in 
water and alcohol, and can be crystallized 
from boiling water. It is steam-volatile 
and is a very weak acid. Its alkali salts in 
dil. solution are alkaline. B. P. acid and 
technical grades contain 99.5 per cent, of 
boric acid. 

Boric acid is a mild antiseptic and its 
solutions are non-irritating. It is widely 
used as an external antiseptic in the form of 
dusting powder, ointment, lint, etc. Its 
use as a food preservative is now prohibited. 
In industry, it is employed in ceramic 
glazes and enamels, in impregnating 
candlewicks, fireproofing compositions, and 
paper glazes. It is also used in glass¬ 
making, plating, and as a flux. 

The free acid is found in the' vapours 
issuing along with steam from cracks and 
fissures in the ground in Tuscany, and is 
recovered from the condensed water by- 
concentration. It is also prepared by the 
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action of hydrochloric acid or sulphuric 
acid on a solution of borax : 


Na,B 4 0 7 +H 2 S 0 4 +5H 2 0-»4H 3 B0 3 +Na 2 SO, 

EXPORTS OF BORIC ACID FROM 
U. K. AND U. S. A. TO INDIA 


Year 


U. K.* 

U. 

S. A.t 


Cut. 

£ 

Cvvt. 

S 

’40 .. 

3.193 

7.672 

7,966 

39.953 

’4 l V. 

3.554 

•0,487 

9 j °°4 

50,992 

’42 .. 

•>377 

4,910 

n. a. 

n. a. 

’43 .. 

125 

643 

20,000 

125,284 

’44 .. 

209 

1,127 

27,000 

•97.344 

’45 .. 

52 

•97 

n. a. 

n. a. 

~ *Tr. U. . 

Ill ; | For . Comm . 

& Navig. U. S. 


Hydrochloric acid 


Hydrochloric acid is a solution of hydro¬ 
gen chloride gas in water. 503 volumes cf 

the gas dissolve in 1 volume If waT er at 
• ' ydrochloi ic acid forms a constant boil¬ 
ing mixture (sp. gr., 1.101 ; b.p., no" 7 6o 
mm ) containing 20.24 per*cent, of HC1 
Sokmons containing more than ,6 per cent' 
of HC1 (sp. gr.,1.2 and above) fume stromrlv 

fu h m?„g e a X 5r « i t 

and h Rp U '' Ual S ra n e \ arC Tcchni «l, C.P. 

in India’ b"p“ •‘j'f are manL ' la «u,«I 
m rnciia. t>. I. acid (sp. er. i kr., tRq\ 

contains 31-33 per cent, of .’ Hcf Com¬ 
mercial acid, also known as muriatic acid 
is maiketed in grades of 18", 20" and 22 0 Be'’ 
corresponding to 28, 32 and 36 per cent' 
HC1, respectively. The usual impurities 
are iron and arsenic. A colourless synthe¬ 
tic product of high purity containing nearly 
40 per cent. HC1 i§ also available. 8 

Hydrochloric acid is very corrosive and 
is generally packed in glass carboys 01- 


bottles, and stoneware jars. Recentlv r k 
ber-hned containers and tanks have h ‘ 
finding increasing application both for il? 
port and for storage. ^ns- 

Hydrochloric acid is mostly used in rl, 
manufacture of zinc chloride and Z 
~ inorganic chlorides, such as b ^ 

_ chlonde and stannous chloride 
organic chlorides such as meib 1 

in . e he th h r yd , r " of an c U arboMra f ,f 

also used for pickling steel. ' 1 s 

In medicine dil. hydrochloric acid (sd 

S;.. c r ains ,o £ 

of d achforh V H rn,xtllres .> anci in the treatment 
anaemta. rhydna aSSOCIated «* h P-nicious 

Hydrochloric acid was formerly obtained 

™Sd U fo C ?t ,hC P»" n “htr 

powder cr* 1C ma h u facture of bleaching 

chemical SlA<?e the envelopment of electro¬ 
chemical processes of alkali manufacture 

producing large quantities of chlorine as 

dur?d°K UCt, k hydr0gen ch,oride « being pro¬ 
duced by the combustion of hydrogen in 

The\ b ? CrS ^ an a tmosphere of chlorine. 

u-ate g f S formed ls cooled and absorbed in 
water to give very pure hydrochloric acid. 

r lib 0 'V lda '^ J ar § e c l uan tities of hydrogen 
ide are also formed during the technical 
chlorination of organic compounds, such as 
zene, toluene, etc. This gas when puri- 
lec! and dissolved in water yields hydro¬ 
chloric acid, which is comparable in puritv 
< lat obtained by the synthetic process. 

icie aic as yet no organic chemical in- 
c us ties in India involving the chlorination 
ot organic compounds. 


In India, till very' recentlv the ll 
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between salt and sulphuric acicl yielding salt 
cake and hydrochloric acid has been the 
only method in vogue for producing hydro¬ 
chloric acid. The production of hydrochloric 
acid developed as an auxiliary industry, 
as soon as the manufacture of sulphuric acid 
became established in India. It is only 
during the last five years that the manu¬ 
facture of the acid by the direct combina¬ 
tion of hydrogen' and chlorine has been 
undertaken by Messrs. Tata Chemicals and 
The Mettur Chemical and Industrial Corpn. 
Ltd. This process is of special significance 
to India on account of her deficiency in sul¬ 
phur resources, and also offers an outlet 
for by-product chlorine produced during 
alkali manufacture. 


The salt cake left over at the end of the 
second reaction may be worked up to 
yield Glauber’s salt. 

Although theoretically it should be pos¬ 
sible to bring about the complete conversion 
of sodium bisulphate to sodium sulphate, 
in practice, a certain amount is always 
left over unreacted in the final discharge 
mass. This obviously lowers the efficiency 
of the process with respect to sulphuric acid. 
Also, in the case of some of the older types of 
furnaces in vogue in India, due to lack of 
necessary mixing facilities, it is not uncom¬ 
mon to find unreacted salt in one part of 
the furnace, and sodium bisulphate in 
another. 


SALT AND SULPHURIC ACID PROCESS 

A charge consisting of common salt and 
sulphuric acid (6o-66°Be\) in quantities 
sufficient to convert half the salt taken 
into acid sulphate, is heated to about 150° 
in a cast iron retort. The hydrogen chloride 
evolved is cooled by means of a stream of 
water running over stoneware or silica 
coolers and passed through filters of stone¬ 
ware towers packed with fine coke, in order 
to remove sulphuric acid present in the 
form of mist. The gas is then absorbed in 
an absorbing system made of fused silica or 
special stoneware, through which a current 
of water flows counter-current to the gas. 
S-bends and tourills are also being used 
for gas absorption. 

Sodium bisulphate produced in the retort 
is made to react with an equivalent quantity 
of salt and roasted at about 540" in a muffle 
furnace, when a further equal quantity of 
hydrogen chloride is liberated and absorbed 
as before. In actual practice, depending 
on the type of equipment employed, the 
first and second stages of the above reaction 
may be carried out in the same vessel or in 
two successive reaction chambers. The 
acid produced by this method contains 
impurities, such as arsenic, iron and 
sulphuric acid carried over from the raw 
materials. ' 


The present consumption of hydrochloric 
acid in India is about 2,500 tons of com¬ 
mercial acid per annum, and very little 
of the acid is imported. The consumption 
of acid is likey to increase if it is more 
extensively used for pickling steel used 
in galvanizing and for tin-plate produc¬ 
tion. 

PRODUCTION OF HYDROCHLORIC ACID 
IN INDIA 


Year 


’ 37-38 

’ 38-39 

’ 39-40 

’40-41 

’41-42 

’ 42-43 

’ 43-44 

’ 44-45 


Qtv. 

(Cwt. of 100 
per cent, acid) 

6,919 
7,212 
9 > ! 4 2 
9.H2 
12,768 
.. 12,711 

•• 1 3.309 

.. 13,002 


The approximate pre-War cost of pro¬ 
duction in factories attached to sulphuric 
acid works was Rs. 175-180 per ton. During 
the W ar, this had risen to Rs. 340-350. 

During the quinquennium ending ’38-39, 
the average annual imports of hvdrochloric 
acid were 752 cwt., valued at Rs.' 17,142. 
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Hydrofluoric Acid 

Hydrofluoric acid is an aqueous solution 
of hydrogen fluoride and technical grades 
usually contain 30-50 per cent. HF. The 
acid is prepared by distilling calcium fluoride 
with 90 per cent, sulphuric acid in a plati¬ 
num or lead retort, and dissolving the gas 
in water. 

Hydrofluoric acid attacks glass and is 
preserved in bottles coated on the inside 
with wax, or in bottles made of gutta¬ 
percha. The acid is highly corrosive, and 
considerable care is necessary in its pre¬ 
paration and handling. 

Hydrofluoric acid is used for etching 
glass, for preparing frosted glassware, and 
for etching and engraving glass apparatus. 
Hydrofluoric acid dissolves silica and 
is used in the manufacture of ashless filter 
paper. 

Nitric Acid 

Among the mineral acids extensively 
used in the chemical industry, nitric acid 
is second only to sulphuric acid in value 
and in diversity of uses. The pure acid is a 
colourless, hygroscopic, strongly fuming, 
corrosive liquid. Commercial acid, however, 
is coloured yellow due to the presence of 
dissolved oxides of nitrogen. Chemically 
pure acid can be produced by distilling com¬ 
mercial grades, and the distillate, rendered 
colourless by blowing air through it. The 
constant boiling mixture (b. p., 120.5 0 

760 mm.) contains HXO„ 68 per cent. 

Although acids of varying strength are 
marketed, 70 per cent, nitric acid is the 
most common strength. Fuming nitric acid 
sp. gr., 1.48) contains up to 86 per cent, 
nitrh acid, while commercial Aqua-fortis * 
of 41.5 lie', contains 65.67 per cent, nitric 
acid. While ‘ Aqua-fortis ’ may be used for 
the preparation of nitrates, and in certain 
chemical reactions, acid of strength above 

t »-: ( cnt. is required for the manufac ture 


of nitroglycerine, nitrocellulose, T.N T 
and various organic preparations. B. P. acid 

S P‘ S 1 •> t.42) contains, HNO s , 69 per cent 

Nitric acid is one of the most corrosive 
acids, and attacks most of the common 
materials, and hence great care must be 
taken in its transport. The common types 
of containers used have been glass carboys 
and earthenware jars. Special precautions, 
have to be taken in the packing of such con- 
tamers in wooden cases. 

Nitric acid free from sulphuric acid does 
not attack pure aluminium. Tanks and 
chums ol this metal are now being used for 
storing and transporting cold cone. acid. 
But the resistance of commercial aluminium 
containers is sometimes uncertain. 

The largest use for nitric acid is in the 
manufacture of nitro-glycerine, gun-cotton, 
ti initio-toluene, picric acid, mercury fulmin¬ 
ate, styphnic acid and several nitro-bodies 
which constitute the basis of the explosives 
industry. The acid is also used in the 
manufacture of dyestuff intermediates. It 
finds application in analytical work, in the 
refining of metals, particularly silver and 
gold, and in the manufacture of inorganic 
nitrates, such as silver nitrate, lead nitrate, 
copper nitrate, etc. Ammonium nitrate, 
w hich is an ingredient of the high explosive 
amatol, has recently received much wider 
application as a fertilizer. 

The strong acid has a powerful caustic 
action and forms a convenient means of 
removing warts, but it should be used with 
caution. Burns from nitric acid should be 
treated immediately with sodium carbonate, 
subsequently with oil applied on lint, and 
covered with cotton. The dil. acid (10 
per cent. 1 is a tonic and biliary stimulant. 

I he manufacture of nitric acid in India,, 
till very recently, was being carried out 
almost entirely by the action of sulphuric 
■ < id on sodium nitrate. Most industrial 
* stablishments engaged in sulphuric acid 
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manufacture produce nitric acid as an 
auxiliary product. The demand for nitric 
acid, particularly of the higher strengths, 
increased considerably during the War' 
and modern plants for the production of 
this acid by the catalytic oxidation of 
ammonia have been installed as subsidiary 
units in explosives factories. 

The raw materials for the manufacture 
of nitric acid by this process are sodium 
nitrate (imported), and sulphuric acid. 
Difficulties of import during war years led 
to the substitution of sodium nitrate by 
indigenous potassium nitrate with increase 
in cost. The use of the latter during normal 
times in spite of its availability in India is 
uneconomical. In the retort process, cone, 
sulphuric acid in quantity sufficient to 
form acid sulphate is added to sodium 
nitrate in a cast-iron retort, connected to a 
-water-cooled condensing system and an 
absorption train or tower for the absorp¬ 
tion of residual uncondensed vapours. The 
cast-iron retort is mounted over a coal- 
fired furnace and heated to a temperature 
not exceeding 200°. It is desirable to 
maintain as low a temperature as possible, 
because of the ease with which nitric acid 
is decomposed by heat. The acid sulphate 
produced is liquid when hot, and is run out 
at the end of the charge and allowed to 
solidify ( nitre cake ’) in shallow trays of 
mild steel or cast-iron. Vapours of nitric 
acid which distil off are condensed, or are 
absorbed in the absorption system. The 
process yields cone, acid varying in strength 
fiom 70 to 99 per cent, and recovery is 
•85-90 per cent. 

In the cataletic process, a mixture of air 
and ammonia containing 8.5-9 per cent, 
ammonia is passed over a platinum catalyst 
in a converter, maintained at a tempera- 
ture of 8oo n -850°. The oxidation of am¬ 
monia to nitric oxide is exothermic and 
pioduces sufficient heat to maintain the 
•converter at the optimum temperature and 
also to pre-heat the air required to 300", 
an the preliminary heat exchangers. The 


gases leaving the converter consist of nitric 
oxide, water vapour, nitrogen and excess 
oxygen and are cooled to 20°-30°. Nitrogen 
peroxide formed at this low temperature is 
finally tiansformed to nitric acid in absorp¬ 
tion tanks by r a series of successive reactions. 
The acid produced has a concentration of 
about 50 per cent, and conversion efficiency 
of a io-ton plant operating in India is said 
to be about 85-90 per cent. 

Oxidation of ammonia may also be carried 
out under pressure (100 lb. per sq. in.) 
with smaller quantities of catalyst (about 
one-fifth). The acid produced is also of 
higher strength (60 per cent.). Its concen- 
tiation can be raised to 9*-* - 95 per cent, 
bi distilling it with strong sulphuric acid. 

Indigenous production of nitric acid is 
carried out on a small scale at several 
places in the vicinity of consuming centres. 

PRODUCTION OF NITRIC ACID IN INDIA 


Year ' Cwt. 


’ 37-38 

’38-39 

’39-40 

’40-41 

’41-42 

’42-43 

’43*44 

’44*45 


9>736 

n.763 

1 8,053 
12,665 
i3,9'o 

1 9.041 

18,364 

'4,445 


Civilian requirements in India are about 
700 tons of 65 per cent. acid. War De¬ 
partment demands are met by Ordnance 
Factories at Kirkee and Aruvankadu, which 
use ammonia oxidation process. Local 
supply is nearly equal to the demand, which 
till recently was in all 1300 tons (Rep 

Heavy Chem. and Electro-Chem. Industr 
Panels, 1947, 26). 

During the quinquennium ending ’38-30 
the average annual imports of nitric add 
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amounted to 2,866 cwt., valued at Rs. 
46,762. Germany and Norway were the 
chief suppliers. 

During the pre-war period, Government 
Mints were the largest civilian consumers 
ol nitric acid. The rest of the demand was 
confined to a number of miscellaneous 
tiades, particularly silver and gold refineries. 
The development of new industries, such as 
the manufacture of dye-stuffs, nitro-cellulose 
lacquers, ammonium nitrate fertilizer and 
civilian explosives, will lead to an increase 
in the demand for this acid. 

Phosphoric Acid 

Anhydrous phosphoric acid can be ob¬ 
tained in colourless prismatic crystals, melt¬ 
ing at 42.3 0 . Commercial grades generally 
contain H 3 P 0 4 ,50-90 per cent. In con¬ 
centrations of above 85 per cent., the acid 
has a syrupy consistency. It is a strong non- 
\oIatile, tribasic acid, colourless when pure, 
and is miscible with water in all propor¬ 
tions. \\ hen heated, at about 250°, it de¬ 
composes yielding pyrophosphoric acid 
(H.P^O.), and on further heating, meta- 
phosphoric acid (HP 0 3 ), also called glacial 
phosphoric acid. Strong phosphoric acid is 
highly corrosive. 

Phosphoric acid and its salts are exten¬ 
sively used in industry (Killefer, Induslr. 
Engn%. Chew.., 1938, 30, 967). The acid is 
mainly used for the manufacture of fertilizers 
triple superphosphate and ammonium phos¬ 
phate) and phosphates, and as a substitute 
for citric acid and tartaric acid in the manu¬ 
facture of soft drinks. The acid is also 
widely used for pickling and dust-proofing 
iron, and in cleaning machinery. 

Several sodium salts of phosphoric acid 
containing varying amounts of acid are 
used as water softeners, anti-corrosive agen ts 
and detergents. Indian Railways have 
started the treatment of boiler-feed 
r with trisodium phosphate (Na 3 PO . 
12H O', and sodium hexametaphosphate 


(NaP0 3 ) 6 . Disodium phosphate (Na,HPO 
I2H,0) is used in fire-proofing wood and 
paper, in ceramic glazes and as a preser 
yafcY? cheese. Monosodium phosphate 
(NaH a P 0 4 .H 4 0 ) and acid calcium phos¬ 
phate (CaH, (PO + ) a H a O) are extensively- 
used tn baking powders. 


Acid of medicinal grade should be free 
from arsenic and lead. The pure acid is 
used in a very dilute form as a gastric 
stimulant, and to quench thirst. Di- and 
monosodium phosphates are also medicinal. 
Disodium phosphate is a mild aperient, 
antacid and diuretic. It is also used as a 
saline cathartic. Calcium phosphate B. 
P.' consists chiefly of a mixture of di- and 
tribasic calcium phosphates, with some mo¬ 
nobasic acid calcium phosphate. It is in¬ 
soluble in water, but dissolves indil. mineral 
acids. It is useful as an antacid and is 
given in general debility, rickets, etc. Cal¬ 
cium glycerophosphate and hypophosphite 
form ingredients of several tonics. 


MANUFACTURE 

In the wet method for the preparation 
of phosphoric acid, finely divided calcium 
phosphate (from bone ash or phosphate 
rocks) is treated with dil. sulphuric acid 
in lead-lined steam-jacketed pans. Calcium 
sulphate formed is filtered and the dil. 
solution of phosphoric acid is concentrated 
up to 80-85 P er cent, in pans, fitted with 
steam coils of lead. It is decolorized by 
activated charcoal, and filtered. The acid 
thus prepared is likely to contain combined 
arsenic, lead, iron, and also fluorine, when 
mineral phosphates are employed. 

The concentration of phosphoric acid 
presents peculiar problems owing to the 
highly corrosive nature of the strong acid. 
It is purified in lead-lined pans by treating 
with a slight excess of sulphuric acid to 
precipitate calcium as sulphate. This forms 
a dense scale of lead sulphate which pro¬ 
tects lead from further attack. If fluorine 
is present, powdered silica is added to 
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combine with hydrofluoric acid. To re¬ 
move iron, arsenic, etc., hydrogen sulphide 
is blown in until the acid is saturated 
(Badger and Baker, 131). 

Phosphoric acid is also manufactured 
from phosphorus prepared in the blast fur¬ 
nace. Pulverized phosphate rock or bone-ash 
is mixed with carbon (ground coke), made 
into briquettes and heated with silica in a 
blast furnace. Silica displaces phosphorus 
pentoxide from combination, and the oxide 
is reduced by carbon to the element. 

Ca 3 fP0 4 ) 2 + 3 Si0,=3CaSi0,+PX) s 
P.. 0 3 + 5 C= 2 P+ 5 CO 

The vapours are passed through a con¬ 
densation plant in order to obtain phos¬ 
phorus, Or mixed with air in special stoves 
and the element oxidized to phosphorus 
pentoxide. This, on hydration, yields 90 
per cent, phosphoric acid ( Industr. Chem., 
I 939 >, *5) .241) • The chief impurity is 
arsenic which is removed by means of 
hydrogen sulphide, and recovery is about 
90 per cent. In recent years, the electrical 
furnace has been displacing the blast fur¬ 
nace. Low grade phosphate rock, because 
of the better calcium oxide and silicon 
dioxide balance for slag formation, is sin¬ 
tered, mixed with coke and sand, and heat¬ 
ed to 1300-1400°. Phosphorus liberated is 
directly converted into phosphoric acid by 
burning it in a tower with a water spray, or 
it may be condensed and collected under 
water, and subsequently oxidized to phos¬ 
phorus pentoxide and hydrated to the acid 
(Shreve, 339 )- If the acid is to be used for 
the manufacture of triple superphosphate 
(vide Superphosphate), it is not necessary 
to free it from arsenic. 

The dil. acid may be used directly for the 
preparation of phosphates. Disodium phos¬ 
phate is obtained by treating phosphoric 
acid with one molecular proportion of 
sodium carbonate. From this monosodium 
phosphate is obtained by reacting with the 
requisite quantity of phosphoric acid, and 


trisodium phosphate by neutralizing with 
caustic soda. When monosodium phos¬ 
phate and disodium dihydrogen pyrophos¬ 
phate (Na._.H 2 P 2 0 7 ) are heated, they lose 
water, melt, and are converted into hexa- 
metaphosphate. On rapidly cooling the 
melt, hexametaphosphate is obtained in the 
form of a transparent glass (Industr. Chem., 
I 935 » ij > 271). Acid calcium phosphate is 
prepared by dissolving di- or tri-calcium 
phosphates in phosphoric acid and allowing 
the solution to evaporate spontaneously. 
It is soluble in water. 

The present Indian requirements of 
phosphoric acid are 30-40 tons of acid, and 
120-150 tons of its salts per annum. This 
consumption is expected to increase and the 
Tariff Bd. (Rep. Phosphates and Phosphoric 
Acid Industry, 1947) estimates that the 
requirements of the country in the next 5 
years will be 50 tons of acid' and about 300 
tons of phosphates, excluding fertilizers. 

I 

In India, during ’23-24—’27-28, Messrs. 
Dharamsi Morarjee Chemical Co., Amber- 
nath, produced about 16 tons of phos¬ 
phoric acid per annum, using bone-ash. 
Their plant was rated to produce 100 
tons of acid per annum (Indian Tariff'Bd., ; 
Enquiry Heavy Chem. Industry, 1930, I,* 
YVritten Evidence, 60). During the last 
War (’39-45) the Star Chemicals, Bombay, 
encouraged by the Supply Dep., manufac¬ 
tured 20 tons of the acid in ’45, and 50 
tons of its salts. These, however, were only 
suitable for technical purposes, because 
the firm did not have suitable equipment 
for purifying the acid. So far, in India, 
only bone-ash has been used as raw mate¬ 
rial for the production of phosphoric acid. 
4.8 tons of bones and 2.2 tons of sulphuric 
acid are required for the production of r 
ton of phosphoric acid (Tariff Bd., Rep 
x 947 )- 

The Tariff Bd. found that the existing 
revenue duties (30 per cent, on acid and 
36 per cent, on salts ad valorem) afford 
sufficient protection to the manufacture of 
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phosphoric acid and its sodium salts, and 
suggest that .they may be converted into 
pi otective duties. In the case of acid calcium 
phosphate, however, they recommend a 
specific protective duty of Rs. 34 per cwt. 

PHOSPHORUS 


In ’ 38-39 nearly 80 per cent, of the im 
ports were from the U. K. and in the 
later years of the War, supplies came from 
Canada and the U. S. A. 


Sulphuric Acid 


Phosphorus occurs in allotropic modi¬ 
fications. The white or yellow variety 

' *-83 > m - P-) 44 - 4 ° 5 b. p., 287°) is ob¬ 

tained first during the manufacture of phos¬ 
phorus. After purification, it is cast into 
sticks in water-cooled moulds. It is a waxy 
solid insoluble in water, but readily soluble 
in carbon disulphide. It separates out in 
ciystalline form when the solvent is evapo¬ 
rated. It is highly inflammable, and when 
exposed to air, it ignites spontaneously. 
It is therefore always stored under water. 
Owing to its poisonous nature, its use in the 
preparation of matches is now prohibited 
in most countries. It is now principally 
employed in rat-poisons and for preparing 
phosphorus compounds and phosphor^ 
bronze. 

Red phosphorus ( d , 2.3 ; m. p., 725 0 ) 
is formed when.yellow phosphorus is heated 
at 240" in an inert atmosphere. Any un¬ 
changed yellow phosphorus is removed by 
grinding the material under water and 
treating it with caustic soda, which reacts 
with yellow phosphorus only. Red phos¬ 
phorus is chemically less active and is 
stable to air and light. When heated in air, 
it takes fire at about 260”. It is insoluble 
in carbon disulphide and is non-poisonous. 
Its main use is in the match industry. 

IMPORT OF PHOSPHORUS INTO INDIA 



Cwt. 

Rs. 

(1000) 

’38-39 

2,301 

1,22 

’39-40-'43-44 (av.) 

2,196 

3» 6 9 

’ 44-45 . 

\9 

IO 

’ 45 - 4 6 

689 

1,12 


Sulphuric acid has been known in Europe 
since the 14th century. The alchemist 
Oeber first prepared it by the distillation of 
green vitriol (ferrous sulphate) and similar 
sulphates, and hence its name ‘ oil of 
vitriol’. It is now produced mainly by two 
pi ocesses . the chamber process and the 
contact process. In both sulphur dioxide 
is made to combine with Oxygen and water 
to form sulphuric acid. In the first process, 
oxides of nitrogen are used to oxidise sulphur 
dioxide to sulphur trioxide, and in the 
second process the surface activity of dif¬ 
ferent types of catalysts is utilized to bring 
about the oxidation. The demand for cone, 
acid and oleum for the manufacture of 
dyestuffs was largely responsible for the 
development of the contact process towards 
the close of the 19th century. Competi¬ 
tion has led to improvements in technique 
in both processes, and at present each 
worked under proper conditions is contri¬ 
buting to meet various demands for the 
acid. 

The first sulphuric acid plant in India 
was erected by Messrs. D. Waldie & Co. on 
the banks of the Hooghly, in 1890. This 
was followed by Messrs. Bengal Chemical 
and Pharmaceutical Works at Calcutta 
( 1 9 ° 5 ) > Parry & Co. at Ranipet (1904) 
and the Eastern Chemicals Ltd. at Bombay 
( 1 9 1 3) - These units started sulphuric acid 
production mainly for manufacturing in 
their own works, heavy chemicals, such as 
hydrochloric and nitric acids, green cop¬ 
peras, epsom salt, aluminium sulphate, etc. 

The industry made considerable progress 
after World War I, and more factories came 
into existence. Messrs. Dharamsi Morarji 
Chemical Co. started their factory at 
Ambernath near Bombay in 1922. New 
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plants sprang up in the vicinity of coal 
fields to supply acid for the manufacture of 
ammonium sulphate from by-product am¬ 
monia. 

In India, sulphuric acid was manufac¬ 
tured only by the chamber process till ’35, 
when Messrs. Tata Iron & Steel Works 
established a contact plant at Jamshedpur. 
Thereafter, Messrs. Assam Oil Co., Digboi, 
Bengal Chemical and Pharmaceutical 
Works, Mysore Chemicals and Fertilisers, 
Belagola, and Sonawala Industries, Kalyan 
(Bombay), followed suit. These develop¬ 
ments enabled India to produce her re¬ 
quirements of cone, acid for the manufac¬ 
ture of explosives during the last War. 

RAW MATERIALS 

Sulphur, iron pyrites, smelter gas and 
other waste gases containing sulphur dioxide, 
waste products of some industries, and 
gypsum are the principal sources from 
which sulphuric acid is manufactured. In 
’40, America produced 66 per cent, of her 
acid from sulphur, 22 pec cent, from 
pyrites, and 11 percent, from waste gases 
from zinc and copper smelters, and the 
rest from hydrogen sulphide from oil re¬ 
fineries. The use of sulphur has become 
almost universal for the operation of contact 
plants. 

India has no significant deposits of sul¬ 
phur or pyrites. The meagre deposits at 
Koh-i-Sultan (Baluchistan) were exploited 
during the last War, when imports became 
difficult. Unrefined ore from Baluchistan, 
containing a low percentage of sulphur, 
chokes up the chambers and towers by fine 
dust and necessitates frequent repairs to 
plants. The arsenical impurity present in 
the ore renders the acid unfit for accumu¬ 
lators and for the manufacture of food 
products. The small deposits of pyrites in 
Bihar and near Simla occur in compara¬ 
tively inaccessible places. 

Since the development of the gypsum 


process for the manufacture of sulphuric 
acid from anhydrite (CaS 0 4 ) in Gefmanv 
and the U. K., the large Indian occur¬ 
rences of gypsum (q. v.) in the Punjab, 
Jodhpur, Bikaner and Trichinopoly are.like- 
ly to form the raw material for the produc¬ 
tion of the acid in India in the future. The 
chief difficulty will be the transport of raw 
material over long distances to centres of 
acid production. But this may be overcome 
by producing sulphur from gypsum and 
transporting it. Anhydrite is also found in 
Rajputana and the Punjab. 

Among the other possible sources of sul¬ 
phur dioxide may be*mentioned the waste 
gases from the copper smelters in Mau- 
bhander in Bihar. These are estimated to 
yield per day the equivalent of 20 tons of 
100 per cent, acid (Dunn, Rec. Geol. Surv 
India , 1943, 76, Bull. Econ. Min., No. ir, 
57). These gases have not been made use 
of even during the last War when there was 
acute shortage of sulphur. According to 
Robson (Indian Tariff Bd. Rep. Heavy 
Chem. Industry, 1930, II, Oral Evidence, 
37 Ojy copper pyrites in the ore, because 
of its low fusion point melts and clogs the 
furnace, when the ore is roasted for the 
production of SO a . The proposed smelting 
of zinc concentrates (52,000 tons) at'Jam- 
shedpur is expected to yield sufficient sul¬ 
phur dioxide to produce 42,000 tons of 
sulphuric acid. Further, it should be 
possible to recover the acid from spent 
acids, from some industries such as the 
pickling of metals. Several varieties of 
Indian coals have, a high sulphur content, 
and a satisfactory method for its recovery 
will be of great economic valye to the 
country. 

‘ ' U ■) 

India has been depending solely on 
imported sulphur for sulphuric acid manu¬ 
facture. Most of her requirements were 
previously obtained either from Sicily or 
from Japan, but lately American sulphur 
is coming in larger quantities. The duty¬ 
free price of sulphur was about Rs. 90- 
100 per ton before the War,'and went up 
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to Rs. 250 per ton during the War. It is 
now 0947 ) Rs. 135 per ton at ports. The 
a\ciage annual pre-War consumption of 
sulphur for sulphuric acid manufacture was 
10,000-12,000 tons, and it is now 28,000- 
30,000 tons. • 

Besides sulphur or sulphur-containing 
minerals, chamber plants require sodium 
nitrate, the consumption of which is 3-4 
per cent, of the weight of sulphur burnt. 
This has been obtained so far, mainly, 
fiom Chile. Although recent developments 
in chamber plant design and operation 
have obviated the use of sodium nitrate by 
introducing catalytic ammonia oxidation 
unit for meeting the requirements of make¬ 
up oxides of nitrogen, no plant in India 
has so fai taken advantage of the same. 
Potassium nitrate (vide Nitre) which may 
be used as a substitute is available in a crude 
form in the Punjab, the U. P. and Bengal, 
but imported sodium nitrate has always 
been much cheaper. The pre-War price per 
ton of sodium nitrate was Rs. no-i^o 
during the War, Rs. 450-460, and is now 
11947 ) Rs. 380, f. o. r. Calcutta. 

The contact process as employed in 
India requires the use of a vanadium catalyst 
on a suitable carrier, i.e., diatomaceous 
earth. The catalyst is obtained from 
American firms and requires replacement 
only at long intervals. 

MANUFACTURING PROCESSES 

The roasting of sulphur or pyrites in a 
current of air is a common stage in both 
the piocesses, and various devices have 
been developed according to the raw 
material employed. In the case of pyrites, 
mechanical burners of special design are 
used for lumps or fines, while for sulphur, 
flat-bed furnaces or modern sulphur burn¬ 
ers are employed. 

Chamber process 

Chamber plants in India have so far 
confined themselves mainly to the use of 


flat-bed furnaces, while contact plants 
equipped with vertical or horizontal 
mechanical burners. In the operation of 
chamber plant burners, the requisite amount 
of sulphur is charged on to the flat-bed and 
ahowea to burn in a current of air drawn in 
through suitable ports, and roastine is ad 
justed to produce a rich gas with a uniform 
composition of about 10 per cent. SO 

This gas passes through settling chambers 
and enters the Clover tower, after admix¬ 
ture with oxides of nitrogen, generated bv 
tne action of sulphuric acid on sodium 
nitrate. In the tower it comes into 
intimate contact with a mixed stream 
of chamber acid and nitrous vitriol trickline 
down in the form of a fine spray, and cone 
and de-nitrated acid (6o° to'fii 0 Be'.) is 
drawn off from below the Glover tower. 

The gases coming out of the top of the 
tower, along with steam generated in it, are 
successively passed through to a series of 
lead chambers. A spray of water or steam, 
depending on the design of die plant, is also 
introduced into the chambers. A con¬ 
tinuous chain of reactions takes place result¬ 
ing in the formation of an acid of 48°-54" Be', 
which is tapped from below the chambers. 
The exit gases from the chambers, contain¬ 
ing oxides of nitrogen, pass through the 
Gay-Lussac towers where they come into 
contact with the cold Glover acid (35 0 to 
40°) which absorbs them completely. The 
waste gases going out of the Gay-Lussac 
tower consist primarily of nitrogen and 
some air, with traces of sulphur dioxide 
and oxides of nitrogen. The last two 
should be in negligible proportion in an 
efficiently operated plant. 

The lead chambers may be of the air¬ 
cooled or of the water-cooled type ; the 
former, which are less efficient, are going 
out ol use. Among recent developments 
in chamber plant design are the introduc¬ 
tion of intermediate reaction towers between 
chambers so as to increase the efficiency 
of conversion ; the elimination of bulky 
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chambers by towers occupying less ground 
area ; and operation at higher pressures. 
The chamber plants in operation in India, 
so far, have been of the simplest type, 
and in some cases intermediate reaction 
towers have been introduced. 

It is possible to produce sulphuric acid 
of two different concentrations from a 
chamber plant :—6o°-6x° Be'., and 48°-54° 
Be'. To meet the demand for sulphuric 
acid of higher strengths, such as rectified 
oil of vitriol, the Glover discharge acid, or 
the chamber acid is transferred to concen¬ 
trators. There are various types of con¬ 
centrators, but only the cascade type is 
used in India. A series of quartz dishes is 
arranged stagewise and hot gases, from a 
coal or oil fired furnace, travel upwards 
from below counter-current to the acid 
flow. It is possible to produce acid of 95 
per cent, strength in such a concentrator, 
but even under the best conditions the losses 
clue to decomposition of the acid by heat 
amount to 7.5-12.5 per cent. In modern 
plants although high efficiencies of 98 per 
cent, and over are possible in the chambers, 
losses during concentration bring down 
overall efficiency to 90 per cent, and lower. 

In a chamber plant, 784 lb. of sulphur 
and 22.4 lb. of sodium nitrate are required 
for the production of a ton of acid (Indian 
Tariff Bd. Rep. Heavy Chem. Industry, 

1929* 6). 

Contact process 

In a chamber plant, the quality of raw 
material and impurities in the gas affect 
only the quality of the final product, but in 
the contact plant the damage is more 
serious. The quality of the sulphurous gas 
required for operation in a modern con¬ 
tact plant has to satisfy the following 
specifications: 

(i) The percentage of sulphur dioxide 
should be 6-8, that of free oxygen 
being 10-13. 


(ii) The gas should be dry and free 
from volatile arsenic and fluorine 
compounds ; it should be optically 
pure, i.e.. devoid of suspended im¬ 
purities, so that a powerful beam 
of light when passed at right angles 
to the line of sight is not visible to 
the eye. 



CONTACT PLANT 

{Courtesy of Messrs. Fertilizers & Chemicals , Travancore) 


In order to satisfy these conditions, it has 
become necessary to devise more refined 
methods of roasting the raw' materials. 
Sulphur is weighed and dumped into a 
brick or concrete-lined melting pit, equipped 
with steam coils, and molten sulphur (120 
-130°) is pumped through a steam-lagged 
pipe and finally through a jet into a spe¬ 
cially constructed furnace. Dust-free air 
drawn through a filter chamber, and dried 
in a tower by a downward spray of 93 or 
98 per cent, sulphuric acid, is blown into the 
furnace in quantities sufficient to burn 
sulphur completely and to leave the requir¬ 
ed amount of excess air in the furnace 
gases. 

The exit gases containing sulphur dioxide, 
after passing through the baffles in the 
furnace, are passed through a waste heat 
boiler and then into a heat-exchanger, be¬ 
fore being sent into the converter for effect¬ 
ing the combination of sulphur dioxide 
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"iih oxygen. The temperature of furnace 
gases, which is about 8oo° at the time of 
leaving the furnace, is brought down to 
about 250° when they leave the waste-heat 
boiler. In the heat exchanger the tem¬ 
perature of the gases is brought up again 
to about 405° by utilizing heat from the 
converter gases, which is brought down from 
560° to 410°. 

The conversion is brought about in two 
stages so as to secure maximum efficiency. 
00 per cent, conversion occurs in the pri- 
marv converter (550") containing 70 per cent. 

. . e tota * catalyst mass, and the rest of 

it m the secondary converter (440°). In 
order to control the temperature in the 
two converters at optimum levels, it is 
necessary to cool the gases between these 
two stages and this is done by an inter¬ 
mediate heat exchanger. A ' total con¬ 
version efficiency of 98-99 per cent, can be 
secured by proper adjustment of conditions 


equipment necessary in the case of D 1 at : 
num catalyst was totally eliminated In 
vanadium plants; but unfortunately 
vanadium masses, though cheap, have little 

A&ZSXtSSffs 

required.to produce 2,000 lb. of sulphuric 
acid (Shreve, 376). " lc 

According to Kreps (Economics of Sul 
phunc Acid Industry, 1997, 7,) : t • 
difficult to assess the relative merits of the 
two processes. Great differences exist in 
the cost of plants, using the same process or 
equipment. But, if the developments re¬ 
sulting from the introduction of vanadium 
catalyst continue to increase the competitive 
strength of the contact processs, the chamber 
process may soon become obsolete 


The gases issuing out of the secondary 
converter are again cooled by heat ex- 
change before they are admitted into the 
absorber. In the absorber sulphur trioxide 
meets a continuous stream of 98 per cent 
sulphuric acid. A steady stream of water 
or dil. acid is also admitted to maintain the 
concentration of the discharge acid at 98 

P er . r The sul phuric acid poduced is 
cooled before storage. When oleum is 
required, its manufacture can be arranged 
by the addition of more absorption towers 
and readjustment of the acid cycle and 
operating conditions. 

The contact process was first developed 
using finely divided platinum as catalyst, 
jut platinum, besides being expensive, is 
very sensitive to impurities like arsenic 
and only 85-90 per cent, of it can be 
salvaged. The vanadium catalyst captured 
the market immediately after its introduc¬ 
tion on account <S its cheapness, and im- 
munity to arsenic poisoning. The cost of 
the contact plant was also considerably 
lowered, since the elaborate gas purification 




x- — ^ diiu occupy 

much less space than chamber-plants but 
require technical skill of a higher order f Q r 
their operation. They have greater fiexibi- 
Jity with regard to the strength of acid pro¬ 
duced, and are best suited for the pro- 
duction of 98 per cent, acid or oleum. 
Oil of vitriol (66° Be.) can almost always be 
made more cheaply by diluting contact 
acid than by concentrating chamber 
acid For 60° Be. (77.7 per cent.) and 
weaker acids, the choice between water- 
cooled chambers, vanadium and platinum 
fontact plants is open, and depends upon 
local conditions. A chamber plant, how- 
< \ er, has greater flexibility in production 
late than a contact plant (Rogers, I, 250). 

Gypsum process _ 


In the gypsum process a mixture of 
calcium sulphate, sand, clay and coke is 
heated in rotary kilns to yield cement and 
sulphur dioxide. The furnace gases are 
thoroughly purified, and sulphur dioxide 
contained in them is passed on directly to 
a contact plant and converted into sul- 
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phuric acid. Although till now gypsum 
(CaS 0 4 . 2HX>), as such, has not been used 
for the manufacture of sulphuric acid, its 
application in the industry should not 
present any great technical difficulty. 

‘GRADES 

The following are the strengths in which 
sulphuric acid is usually marketed : 


Per cent, of 

h 2 so 4 


Chamber acid 50°Be'. 

Glover acid 6crBe'. .. 

Oil of vitriol 66°Be'. 

Contact 98 acid 
Monohydrate 

Fuming acid or 20 per cent, oleum 
40 per cent, oleum 
65 per cent, oleum 


62.18 

77-67 

93->9 

98.OO 
100.00 
1 04.90 
109.00 
114.63 


Besides strength, the quality of acid is 
indicated by the following grades : Com¬ 
mercial, Batter), C. P., and B. P. The 
commercial grade contains several impuri¬ 
ties and corresponds to the quality of acid 
ordinarily run out of Glover tower, and is 
suitable for most industrial purposes. Bat¬ 
tery acid must be of high purity. According 
to the specifications of Indian Stores Dep., 
it must be a clear, colourless and oily liquid 
of not less than 95 per cent, strength (sp. 
gi\, not less than 1.840 at 15.5 0 ), free from 
any suspended matter and sediment ; max. 
limits for non-volatile residue, 0.53 ; iron, 
0.005 i chlorine, 0.002 ; arsenic, 0.001 ; 
and total nitrogen, 0.005 P er cent. 

C. P. acid is chemically pure acid, and is 
obtained by distilling commercial acid and 
collecting the intermediate fraction, free 
from volatile and non-volatile impurities. 
B. P. acid should not contain more than 
5 parts per million of arsenic, and 20 parts 
per million of lead. 


dition or another. Even lead which is so 
widely used in sulphuric acid manufacture 
is safe only up to 80 per cent, concentration. 
Steel and ordinary cast iron, which are 
vigorously attacked by dil. acid, can be 
used with acids stronger than 93 per cent. 
(66° Be'.). Whereas only glass, fused silica 
and chemical stoneware were used for han¬ 
dling sulphuric acid some years ago, special 
ferro-alloys containing high silicon, nickel, 
chromium, and aluminium bronzes are now 
finding increasing application. For ma¬ 
chinery parts exposed to the action of the 
acid, sometimes lead alloys containing tel¬ 
lurium or antimony and tin are also used. 

Great care has to be exercised in handling 
strong sulphuric acid as it has a powerful 
dehydrating action and chars most organic 
substances when it comes into contact" with 
them. Sulphuric acid burns should be 
washed with water and then treated with 
sodium bicarbonate followed by oil or 
sprayed with tannic acid solution. 

In India, the acid is transported in stone¬ 
ware jars of gal. capacity packed in 
wooden crates containing 1 or 2 jars. The 
jars are mainly of the wide-mouthed type 
with stoneware screw-stoppers, rubber rings 
being used for making them air-tight. A 
paste of kaolin clay and sodium silicate is 
put on the stopper for final sealing. The 
tendency has, however, been towards the 
introduction of narrow-mouthed, screw- 
stoppered stoneware jars, to enable the 
acid being poured out of the container 
more conveniently; but these have not been 
adopted widely due to difficulty in getting 
them. For larger packings, ' mild steel 
drums of 10-15 c.ft. capacity are used to 
transport 75 per cent, and stronger acid. 
Glass carboys of 4.5-5 gal. and larger capa¬ 
cities are also used for packing both cone 
and dil. acids. 


HANDLING AND CONTAINERS 

Sulphuric acid, particularly the grades 
containing the usual commercial impurities, 
attacks practically all metals under one con¬ 


USES 

Sulphuric acid is one of the most import¬ 
ant basic chemicals required both during 
war and peace. The production and consump- 
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tion of this acid in any country is regarded 
as the index of its industrial status : 


U. K. 

U. S. A. 
India* 


• Financial year, April — March. 


!938 

(Tons) 


995)°°° 

3,772,900 

25,585 


>944 

(Tons) 


1,221,000 

8,205,360 

38,917 


manufacture of phosphoric acid has been 
successfully developed in other countries 

tern EpS ° m salt 15 bc,n S obtained from bit’ 


ANALYSIS OF CONSUMPTION OF 
SULPHURIC ACID 

(Ton of 100 per cent, acid) 


Sulphuric acid is used mainly for the 
manufacture of fertilizers (ammonium sul¬ 
phate, superphosphate), other acids (hydro¬ 
chloric, nitric, phosphoric and chromic 
acids , and salts : dichromates, Epsom salt, 
green copperas, aluminium sulphate and 
alum, copper sulphate, zinc sulphate, etc. 
It is used in oil refining, the pickling of 
metals, the electrolytic refining of metals 
like copper, in electrical batteries, and in 
the manufacture of textiles, food products, 
synthetic drugs and dyestuffs, and explo¬ 
sives. In organic chemical industries it 
finds extensive application as a condensing, 
sulphonating and nitrating agent. The 
rayon industry consumes large quantities 
cf acid, over 1.8 tons being required for the 
manufacture of 1 ton of rayon. The de¬ 
mands of the dyestuffs industry for sulphuric 

acid are also high. 


India 

Consumption in Consumption i„ 

’46 in 

Percent. Five 

Tons of total year U. K. US\ 

_ (*) tar g <-t x b) \ c ] * 

35>ooo 101,214 1,780,000 
b 3,ooo 682,963 3,020,000 
7,000 73,560 755,000 

5>ioo 18,614 75,ooo 
1,000 

2,000 29,962 1,000.000 

1,000 4,863 

1 <000 . 8,698 
1,000 

34,000 110,361 556,000 

1 6,435 

59,377 

12,723 105,000 

2,500 101,898 345,000 

176,6861,060,000 

_ '>5.760 100.0 132,6001,3 97,364 8.696,000 

(a) Rep. Heavy Chem. & Elertro-Chem. Industr. Panels, 
lOC. Clt.y 63. 

(*' Chem. Tr. J., 1947, 120 , 168. 

(c) Chem. Engng., 1947, 54, No. 2, 109. 


Fertilizers 
Metals . . 
Cotton textiles . , 
Govt, purchases 
Mineral oil 
Feather 
Battery acid 
Distillery 
Rayon industry 
Plastics 

Dyestuffs and in¬ 
termediates 
Explosives 
Unclassified 
Others . . 


1 ,uiK» 
20,000 

3,995 
3,286 
2,236 
1,611 

79 ° 

410 

318 


n. a. 
2,114 


37-7 

35-9 

7 .i 

5-9 

4.0 

2.9 

1.4 

0.7 

0.6 


n. a. 

3.8 


The medicinal uses of sulphuric acid are 
not many. A very dil. solution (sulphuric 
acid lemonade is taken by lead workers 
against plumbism, and is used as a prevent¬ 
ive in cholera epidemics. 

While new uses for the acid may be 
found with the progress of science and 
industr)-, the demand for some of the older 
uses is likely to diminish. Ammonium 
sulphate (q. v. is preferably manufactured 
by the gypsum process. Production of 
hydrochloric acid is more advantageously 
carried out by the direct combination of 
hydrogen and chlorine, both of which are 
by-products of electrolytic caustic soda in¬ 
dustr). Nitric acid is already being pro¬ 
duced bv the catalytic oxidation of synthetic 
mmoma ; blast furnace process for the 


Nearly 75 per cent, of sulphuric acid now 
produced in India is used for the manu¬ 
facture of chemicals and fertilizers. Ex¬ 
pansion in the production of superphos¬ 
phates and ammonium sulphate, and the 
development of new industries, like rayon 
and dyestuffs manufacture, will lead to a 
greatly increased demand for the acid. 

The development of sulphuric acid manu¬ 
facture in India has not been properly 
planned, although the capital invested in 
the industry exceeds a crore of rupees. 
Most of the units are small and unecono¬ 
mical. I he price of the acid can be 
lowered by increasing plant capacity, but 
this is not considered practicable in India 
since centres of consumption are widely 
scattered. 
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DISTRIBUTION 7 OF SULPHURIC ACID 
PLANTS AND PRODUCTION IN 
INDIA IN 1944 


Area 


Bengal 

Assam 

Bihar 

United Provinces 

Delhi 

Punjab 

Sind .. . . 

Bombay 

Baroda and Ahmedabad 

Mysore 

Madras* 

Hvderabad 


No. of Production 
plants (Tons of 
100 per 
cent, acid) 

5 13,000 

1 U 49 ° 

5 19,000 

3 4 , 90 ° 

5 3,000 . 

5 2,706 

1 30 

3 7,900 

3 1,230 

1 4,00 

1* 1,680 

1 160 


34 59,266 


Fertilisers and Chemicals, Travancore, has 
also come into production. But this plant 
is expected to release only 3,000 tons of acid 
into the market. 

The live-year target for production has 
been placed at 118,600 tons, excluding the 
requirements of the rayon and dyestuffs 
industries (Rep. Heavy Chem. & Electro- 
Chem. Industr. Panels, loc. cit., 2). The 
largest demands are for expansion in the 
production of fertilizers and chemicals, the 
former requiring 63,000 tons, and the latter 
35,000 tons of acid per annum. The Heavy 
Chemicals Panel is of opinion that 20-25 
tons day plants are economic units, but 
taking into consideration Indian conditions, 
they recommend the distribution of 10 
tons/day units in various parts of the country. 


* Excluding the chamber plant (3,000 tons/year) of the 
Cordite Faclory at Aruvankadu (NiJgiris). 


In ’44 there were 30 chamber plants and 
5 contact plants. Many of the chamber 
plants were of small capacity (10-12 produc¬ 
ing less than 500 tons per annum), and there 
were only 6 chamber plants of capacity 
more than 3,000 tons, two in Bengal', one 
each in Bihar and the TAP., and 2 in Bom¬ 
bay. The contact plants were located in 
Bengal (10 tons/day), Mysore (25 tons day), 
Bihar (50 tons day), Assam (5 tons day), 
and Kalyan (1 o tons). 

Though the capacity of the Indian sul¬ 
phuric acid industry' before the War was 
57,000 tons per annum, the average annual 
production in the quinquennium ending 
38-39 was only 27,000 tons. During the 
War a number of locally improvised cham¬ 
ber plants were installed in various places, 
and in ’44 the capacity rose to over 65,000 
tons and production reached a peak of 
59,ooo tons. 


PRICES 

During ’32-38 the highest quotations in 
the Bombay 7 market for commercial sul¬ 
phuric acid (d, r.840) varied from Rs. 122- 
1 29 ton. After the declaration of War, 
there was a sudden rise in prices, and in 
42 the Govt, of India introduced control. 
The following were the controlled prices 
* n 45 , sulphur being charged to the works 
at Rs. 2O0 ton :— 


Chamber acid— 

( l , 1750 

d, 1..840 (Commercial) 
d, 1.840 (Refined) . . 
Contact acid— 
d, 1.840 


Rs. 


205-257 

2 75-332 

305-362 

220 


Since the end of the War, prices have 
declined slightly, and recently the control 
has been lifted. Commercial chamber acid 
(d, 1.840) is now (Aug. ’47) quoted at 
Rs. 280-320 and contact acid of the same 
density, at Rs. 180-250. 


Recently- 4 new contact plants of 3,000 
tons capacity- have been erected, one each, 
in Bengal, Bihar, Delhi and Bombay. The 
contact plant (75 tons day) of Messrs. 


The price of the acid usually depends 
upon the cost of sulphur, and the size of the 
plant, 1/3 ton of sulphur being required for 
one ton of acid. In ’45 American sulphur 
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was quoted in the English market at -£12/ 
ton, and the price of the acid (d, 1.840) 
was £7/ ton - Indian prices of sulphur 
(pre-War, Rs. 90-100/ton) and sulphuric 
acid (pre-War, Rs. 120-129/ton) do not 
show similar relationship, and the high 
price of the acid has been responsible for 
retarding the development of chemical in¬ 
dustry in India. 

Imports of sulphuric acid have been 
negligible, because of the difficulty in trans¬ 
porting cone, acid in bulk across seas, and 
consequently, Indian manufacturers enjoy 
a virtually protected market. According 
to the Tariff Bd. (Rep Bichromates Indus¬ 
try, T 947 > I 3 )> in ’46, when the price of 
sulphur was about Rs. 150/ton, the acid was 
being marketed at Rs. 280/ton. The 
price of the acid should ordinarily be equal 
to the cost of 0.33 ton of sulphur plus 
conversion charges, about Rs. 30. The 
Board remarks that even if every possible 
allowance is made for increased costs of 
conversion, freight, etc., there is no justifica¬ 
tion for a price higher than Rs. 160/ton. 
There is urgent need for an enquiry into 
the economics of the industry in India, and 
for the rationalization of production and 
distribution. 


ORGANIC ACIDS 


Acetic Acid 

Acetic acid is a constituent of vinegar 
in which it occurs to the extent of 3-5 per 
cent. The pure acid is a clear colourless 
liquid with a pungent odour (sp. gr./i5° 
1.055; m. p., 16.7° and b.p., 118 0 )’. It 
is also called glacial acetic acid, because 
when cooled, the crystals formed resemble 
ice flakes. The acid is soluble in water, 
alcohol and ether, and is also a valuable 
solvent. The strong acid has a corrosive 
action on the skin, and acids of moderate 
concentration have a sharp, acid taste. 

Large quantities of acetic add are re¬ 
quired for the manufacture of acetate 


rayon esters and lacquers, and varnishes 
(Industr. Engng. Chem., 1931, 23 , ^ 2] f 

is also used in food industries. In India 
the acid is mostly employed for the eoagula’ 
tion of rubber latex, and for the manufac 
ture of pigments like white lead, verdigris 
etc. It is also employed in the preparation 
of acetates and acetic esters, and in the 
dyeing and printing of textiles. In medi¬ 
cine, the strong acid is used as a rubefa¬ 
cient ; the dil. acid is diaphoretic, diuretic 
and expectorant. 


In the older process of preparing acetic 
acid from the products of wood distillation 
the grey acetate of lime (calcium acetate) is 
decomposed by cone, sulphuric acid, and 
the acid distilled over usually contains 
80 per cent, of acetic acid. When this is 
further concentrated by rectification, glacial 
acetic acid (96-98.5 per cent.) is obtained. 
This is treated with a small quantity of 
potassium permanganate and refractionated 
to yield chemically pure acid. 

Acetic acid is now recovered directly' 
horn pyroligneous liquor by cold extraction 
of de-alcoholized pyroligneous liquor with 
ethyl ether or ethyl acetate. In the Suida 
process, extraction with high boiling wood 
oils is carried out in the vapour phase, and 
acetic acid is recovered subsequently by 
vacuum distillation. In the Othmer pro¬ 
cess, after the removal of crude methanol, 
the liquid is heated and the vapours pass 
into an azeotropic dehydrating column, 
where they meet with butyl acetate which 
acts as the withdrawing liquid. The ester 
distils with water as the min. boiling 
azeotrope, and yields acetic acid containing 
as little as 0.5 per cent, water. In order to 
purify the acid, it is treated with a small 
quantity of sodium dichromate and redistill¬ 
ed (Shreve, 682). 

Acetic acid is now manufactured mainly 
by the synthetic process. In this, acetylene 
is converted into acetaldehyde, and the 
latter oxidized to acetic acid. The acid 
formed is of high concentration and purity. 
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The synthetic acid is cheaper and has 
displaced, to a large extent, the acid from 
wood distillation products. Over 75 per 
* cent, of acetic acid manufactured in the 
U. S. A. is by this process (Rogers, I, 18). 
Acetic acid can also be produced by the 
vinegar process and by the direct oxidation 
of alcohol. 

The commercial acid is sold in carboys, 
barrels or glass bottles, in concentrations 
varying from 30-99 per cent. 

The present Indian consumption of acetic 
acid is estimated at 400 tons per annum. 
The average annual imports during’34-39 
were about 300 tons, valued at Rs. 1.15 
lakhs. This quantity could be obtained 
from the wood distillation plant of die 
Mysore Iron Works, if arrangements are 
made for the direct recovery of acid 
from pyroligneous liquor. During the 
War, small quantities of acetic acid 
were manufactured from grey acetate of 
lime. 

ACETATES 

Some of the salts of acetic acid are used 
in medicine, and in industry. Ammonium 
acetate prepared from acetic acid and 
ammonia is a mild expectorant, diuretic 
and diaphoretic. Sodij.im and potassium 
acetates, prepared by neutralizing acetic 
acid with the corresponding carbonate, are 
also employed in medicine as diuretics. 
Lead acetate is an important salt, and is 
prepared by dissolving finely divided litharge 
(PbO) in acetic acid. In medicine, it is 
used for preparing soothing and astringent 
lotions ; in industry, in dyeing, calico- 
printing, and in the manufacture of chrome 
yellow and other pigments. Aluminium 
and iron acetates are used in the textile 
industry. Of the esters of acetic acid, 
amyl, butyl and ethyl acetates are prepared 
on a large scale for use as solvents. Some 
esters are also used as perfumes and flavoux- 
ing materials. Acetate rayon is made from 
cellulose acetate. 


Citric Acid 

Citric acid, C 6 H u O.. H .O, is present in 
the juice of several acid fruits, such as 
citrus fruits, pine-apples, etc. The pure 
acid crystallizes in large colourless rhombic 
pi'isms and does not have any odour. When 
lxeated, it loses its water of crystallization 
above 130°, and the anhydrous acid melts 
at 153 0 , and decomposes on further heating. 
Citric acid is readily soluble in water, less 
soluble in alcohol, and only r sparingly 
soluble in ether. 

The acid is mainly used in the prepara- 
tion of medicinal citrates, confectionery, 
and soft drinks and effervescent salts. Small 
quantities are employed in silvering and 
engraving, and in dyeing and calico-print¬ 
ing. Imports into India were nrainly from 
Italy, and the average annual imports 
during the quinquennium ending ’38-39 
were about 120 tons, valued at Rs. 1.33 
lakhs. 

Until recent years, citric acid was manu¬ 
factured from citrus juices, and Italy and 
California were the largest producers. In 
Hawai the acid is also manufactured from 
pine-apple juice. Tobacco waste contains a 
large proportion of citric acid and forms a 
potential source. 

Clarified lemon juice from off-size or 
off-grade fruit (4.5-6 per cent, of citric acid) 
is heated and neutralized with finely pow¬ 
dered calcium carbonate (free from mag¬ 
nesium carbonate). The precipitate of 
calcium citrate is filtered while the liquor 
is still hot, washed thoroughly with 
hot water, and dried rapidly. The salt is 
more soluble in cold water than in 
hot water. Technical calcium citrate 
contains usually 67-70 per cent, of citric 
acid. 

For the manufacture of the acid, a slight 
excess of sulphuric acid is added to a sus¬ 
pension of crude calcium citrate in water. 
The mixture is vigorously stirred and boiled 
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rll. d t i 1C P rcci P lta ted calcium sulphate is 
i eied °ft- The acicl liquors are concen¬ 
trated in vacuum evaporators. The crude 
acid which crystallizes on cooling is 
purified by recrystallization. The yield of 
acicl from lemons varies from 1^0 lb 
per ton of fresh fruit. 

Patel and Kale (De P . Industr., Bombay , 
Bull. Pso 11, 1938) have experimented 6n 
the production of calcium citrate from 
Um c (Citrus medica and C. acida) grown in 
Bombay. When worked directly for the 
production of calcium citrate, these limes 
xadd on an average 82 lb. of salt per ton. 

calcium citrate is recovered as a by¬ 
product from the sludge left after treatment 
lor obtaining the volatile oil, the yield p OCS 
down to about 65 lb. per ton. Neutraliza- 
tion is carried out by the gradual addition 
ot a thin suspension of slaked lime in water 
1° ensure the quality of calcium citrate 
pioduced, it is necessary to see that the 
reaction mixture does not become alkaline 

wi any + f agC •L Uring the addi tion of lime. 
VWien the acid concentration falls below 

0.1 per cent., the point of contact with the 
suspension of lime becomes darkish-brown 
and the precipitate turns greenish-yellow’ 
Addition of lime should be stopped at this 

frSf a vf- - nec _ff ar >’ a sma11 quantity of 
fresh acid juice added (Bull. imp. lust l and 

J 92cp * 7 , 335)- 


yields of citric acid is about 60 per cent 
by waglu of sugar taken. The entire prS; 
has to be carried out under Derfertlv of 
condittons (Industr. Engng. &m„ 

266; vide also Chattel ice ./ 

Sec,, Industr. 9 

Potassium citrate has diaphoretic, dime 
tic and febrifuge properties. Sodium citrate 
is an anti-coagulant and is used in blood 
transfusion It is also added to milk for 
feeding infants and invalids, to prevent the 
formation of curds. Iron ammonium citrate 
(Te, 20.5-22.5 per cent.), a complex ferric 
ammonium citrate, occurs in thin dark- 
red transparent deliquescent scales, with 

fn\?S gent i taS,C - 14 corn monly used 
n debility and anaemia. A green variety 

(Fe, 14-16 per cent.) containing a lanrer 
proportion ofcitiic acid is used for hvpodfr- 
mic injection. ' 1 

Gallic Acid 

Gallic acid (C 7 H 6 0 5 . H a O), 3. 4. 5 t ri- 
hydroxybenzoic acid, forms pale ydfow 
or colourless needles, melting at '222“. 

J, n S< ? ud \ e * n alcohol, but sparingly 
soluble in ether and water. Unlike tannic- 
acid, its solution in water does not <uve 
precipitates with albumen or gelatine 
solutions. 


In recent years, large quantities ofeiti 
acid a re being manufactured in Amerf 
/ . fermentation of sugar using certa 
strains of Aspergillus niger. The reactic 
takes place according to the followir 
equation : 


C,*H aa O -fH a O+O a 


2C 6 H„0 7 + 4 H 


The spores of a suitable organism are in 
troduced into sterile sugar solutions fn 
20 per cent.), with low concentrations c 
ammonium nitrate, contained in shalioy 
pans ot pure aluminium. Fermentation i 
started in an acid medium (pH, an( 
it is usually complete in 7-10 days. The 


Gallic acid gives a brown colour with 
ierrous sulphate which becomes black on 
exposure; hence it is used in the manufacture 
01 writing ink. Some important anthra- 
quinone dyestuffs, such as alizarin brown, 
are manufactured from gallic acid. It is 
also a source of pyrogaUoi. A basic bismuth 
sail, known as dermatol, is used in dysentery 
and diarrhoea, and also as an antiseptic 
dusting powder. 

Gallic acid is found in many plants 
containing gallotannins. The acid is pre¬ 
pared by the acid or alkaline hydrolysis of 
tannins or tannic acid. Jt is abo obtained 
technically from extracts of gallotannins 
by fermentation. Certain moulds of the 
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Aspergillus spp. contain an enzyme, tannase, 
which breaks down tannin into glucose and 
gallic acid ( Industr. Engng. Chem., 1930, 22, 
1174). Fermentation is carried out under 
sterile and aerobic conditions until tannin 
has completely disappeared ; gallic acid is 
then recovered from solution. Technical 
grades contain 55-58 per cent, of acid. 

Pyrogallol 

Pyrogallol, 0 6 H 6 O 3 , also called pyro- 
gallic acid, is 1.2.3. trihydroxybenzene. 
It is obtained when gallic acid is decarboxy- 
lated by treating it in an autoclave with 3 
times its weight of water. Crude pyro¬ 
gallol is purified by sublimation in vacuum. 
Pure pyrogallol forms white lustrous crys¬ 
tals melting at 133°. It is soluble in water, 
alcohol and ether. It is a strong reducing 
agent, and is used in photography as de¬ 
veloper. An alkaline solution of pyrogallol 
rapidly absorbs oxygen and turns brown ; 
it is employed in gas analysis for removing 
oxygen. Pyrogallol has a toxic action on 
blood and blackens skin. It is sometimes 
used in ointments for skin diseases, and forms 
an ingredient of hair dyes. 

Lactic Acid 

Lactic acid, C 3 H 6 0 3 , is a yellow or 
almost colourless, viscous, hygroscopic licpiid 
(sp. gr., 1.249), readily soluble in water, 
alcohol and ether. The commercial acid is 
optically inactive. It cannot be distilled at 
ordinary pressure, but at a pressure of 14 
mm., it boils at 122 0 . The acid is marketed 
in several grades in concentrations of 22- 
44 per cent., and sometimes even 85 per 
cent. Bulties, barrels and carboys are used 
as containers. 

Lactic acid is now largely used for de- 
liming hides during their preparation for 
tanning. It finds use in chrome-mordant¬ 
ing, and in the acid dyeing of wool. It is 
also used in several foods, drinks and can¬ 
dies. 

Lactic acid is one of the oldest acids 


known, and it is present in sour milk. It is 
obtained as a by-product of the dairy in¬ 
dustry. Lactose or milk-sugar, present in 
whey, is fermented by lactic bacilli ( Lac¬ 
tobacillus bulgaricus). Other lactic bacilli, 
such as L. delbrucki , are able to ferment 
dextrose, and molasses may also be used as 
raw material. Fermentation proceeds best 
at pH, 5-5.8, and temperature, 40-45°, 
and is complete in 5-6 days. In order to 
control acidity, chalk is added from time to 
time and the acid produced is converted 
into calcium lactate. The solution of cal¬ 
cium lactate is heated to coagulate protein 
matter, filtered and concentrated. On 
cooling, the salt crystallizes out and is 
purified by recrvstallization. 

Calcium lactate is an efflorescent salt. 
It is completely soluble in water and is used 
in medicine to increase the coagulability of 
blood. Along with vitamin D, it is ad¬ 
ministered in cases of calcium deficiency. 

The salt when treated with sulphuric acid 
gives lactic acid. After the filtration of 
calcium sulphate, lactic acid can be con¬ 
centrated up to 50 per cent. Further 
concentration presents peculiar difficulties 
owing to the highly corrosive nature of 
lactic acid. Concentration up to 80 per 
cent, may be carried out in vacuum eva¬ 
porators made of stainless steel containing 
molybdenum {Chem. Engng. News , 1944, 

22, 440). 

Oleic Acid 

Oleic acid is present in the glycerides of 
most fats, particularly liquid fats or oils, 
such as olive oil, cotton seed oil and coco¬ 
nut oil. The pure acid, C l8 H 34 O a , is a 
tasteless, odourless, oily liquid of slightly 
yellowish colour (iod. val., 90). On cool¬ 
ing, it solidifies into colourless needles, 
melting at 14 0 . It is converted into a solid 
isomer, elaidic acid, melting at 45", by action 
of nitrous acid at 200'' in the presence of 
sulphur dioxide or sodium bisulphite. Oleic 
acid is insoluble in water but dissolves 
readily in alcohol and other organic solvents. 
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The technical product is also known as red 
oil and depending upon its purity varies in 
iolour front yellow to deep red or reddish 
brown. It is obtained as a by-product in 
the manufacture of commercial stearic acid, 
and usually contains not more than 70 per 
cent, of oleic acid. Its iod. val. is 85-93 
due to the presence of linoleic and 
saturated acids in more or less equal pro¬ 
portions. r 

Red oil is used in the manufacture of 
soa P s r oleates, and for oiling wool 
1 lie purer grades obtained by distillation 
are used for the preparation of ointments 
nncl polishjn^ compounds. 


Oxalic Acid 

Oxalic acid occurs in several plants as 
potassium acid oxalate or calcium oxalate 
The pure acid, C H 0 4 . 2H.O, crystallises 
m arge transparent colourless rhombic 
prisms, and is soluble in water * 1 in 12) 
\\ hen heated, it melts in its water of crys¬ 
tallization at 98", begins to lose water and 
becomes anhydrous. At higher tempera- 
tines wa. 150 it volatalizes with partial 
decomposition. The acid and its soluble 
salts are poisonous. In oxalic acid poison¬ 
ing calcium hydroxide or calcium car¬ 
bonate made into a cream with water is 
administered as an antidote, when the 
insoluble calcium salt is precipitated 

Oxalic acid is mainly employed in the 
printing and dyeing of textiles. For this 
purpose some of its salts, such as antimonvl 
potassium oxalate, K 3 Sb(C0 4 )„ oH.O 
arc also used. The free acid is employed for 
bleaching straw, wood, and cotton linters 
It is an ingredient of se\eral inks and metai 
polishes. Since the acid forms soluble iron 
compounds, it is employed for removing 
ink and iron stains. For these purposes 
potassium quadroxalate (also known as salt 
of sorrel) KH., (Q.OJ,. H, 0 ; is also em¬ 
ployed. Ferrous potassium oxalate, FeK 
^ O;'-. 2H.O is a powerful reducing agent, 


developer 5 ” 1 ” pho, °S ,a l’ h >' «• oxalaee 

The average annual imports of the acid 
““ dunn S the quinquennium ending 
38-39 were 150 tons, valued at about f 
lakh of rupees. r a 

Oxalic acid was formerly made by heating 
sawdust, preferably from softwoods, with 
sodium hydroxide to 200-240°. The Wd 
material is extracted with water and the 
calcium salt precipitated. The free acid is 
liberated by sulphuric acid, recovered from 
solution, and purified by recrystallization 
In a similar manner it can also be pre¬ 
pared from starch or sugar. Very pure 
oxalic acid is obtained by oxidizing sugar 
by cone, nitric acid. The commercial acid 
' 99-5 per cent, pure) is usually sold in the 
lorm ol crystals or powder. 

Oxalic acid is now prepared by the 
lor mate process. Sodium formate is formed 
when sodium hydroxide is heated with 
1 ai bon monoxide at a pressure of 8-10 
atms. and a temperature of 200°. When 
this is further heated to 375 0 under reduced 
pressure, it decomposes yielding sodium 
oxalate and hydrogen. The reaction is 
said to proceed at 290° if heated with small 
quantities of alkali (less than 5 per cent.). 
The calcium salt is precipitated, and the 
acid recovered as before. The new process 
ins superseded, to a large extent, the 
sawdust method. 

•Small quantities of oxalic acid were 
manufactured in India during the last 
u ar. The bark of Treminalia arjuna is 
said to contain a high percentage of calcium 
oxalate. It was also used for the recovery 
ol oxalic acid, after the extraction of 
tannin. 

Stearic Acid 

•Stearic acid, C i 8 H 36 0 2 , is one of the 
most widely distributed fatty acids, and 
occurs in combination with glycerol in 
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numerous oils and fats. Particularly rich 
sources are tallow and the seed-fats of some 
species of Dipterocarpaceae, Guttiferae and 
Sapotaceae. It is also formed by the re¬ 
duction of oleic acid. Pure stearic acid is a 
colourless, odourless, crystalline material 
/ m p. 5 69 0 ) which is insoluble in water. 
It dissolves readily in alcohol and other 
organic solvents. 


Technical stearic acid, sometimes in¬ 
correctly called stearin, prepared from tal¬ 
low, is invariably a mixture of stearic and 
palmitic (C, 6 H 32 0 2 ) acids, and is usually 



M. p. 

Iod. val. 

Oleic acid 



(Per cent.) 

--—-—- 

„ 1 
' Single pressed •. 1 

i 0 

51.5-52.2° 

12-14 

1 15 

‘ Double pressed ’ 

53.9-54.4° 

5-6 10 

‘ Triple pressed ’ 

j 54-4"55*°° 

3 

5 


ijdlgc —-- 

in the manufacture of candles, and in 
rubber compounding. Stearic acid is also 
used in the preparation of cosmetics, 
and in ointments as a substitute for wax, 
and for preparing castor oil suppositories. 
When partly neutralized, it forms a cream 
base with 5-15 times its weight of aqueous 
solutions, and is used in this form in vanish¬ 


ing creams. The acid is also used in prepa¬ 
ring metal and shoe polishes. A solid fuel 
prepared from stearic acid and alcohol ignites 
readily and burns without leaving any ash. 

Stearic acid imparts hardness to soaps, 
and potassium stearate is an ingredient of 
shaving soaps. Some of the metallic stear¬ 
ates such as those of aluminium, calcium, 
magnesium and zinc, are used in special 
lubricants, paints and varnishes, and in 
certain printing inks. Aluminium stearate 
is also extensively employed for the water¬ 
proofing of fabrics. 

Tallow (from cattle, sheep, hogs and 
horses) is the principal material for the 
manufacture of stearic acid. Some of the 
seed-fats suggested as subsitutes for tallow 
(Puntambekar, ./. Indian chem. Soc., Industr. 
& News Ed ., 1938, 1, 163) may also be em¬ 
ployed for the manufacture of stearic acid. 




Palmitic acid . 

Stearic acid 

Fat 

■ 

M. p. of fat 

Per cent, of mixed fatty 
acids 

Beef tallow* 

40-50° 

29 

21 

Mutton tallow* 

41-50° 

25 

3^ 

Bone fat| 

4P45° 

20-21 

19-21 


♦Hilditch, 136 & 170 ; fK.ingzett. 


Species 

Name of 
fat 

1 

Per cent, of 
fat in seeds 

M. p. of Palmitic acid Stearic acid 

fat -- 

Per cent, of mixed acids 

1. 

Garcinia cambogia 

Gamboge butter 

3 1 

30 

5 ° 

o. 

Garcinia indica 

Kokum butter 

23—26 

40—43° 5 

52 

<2. 

Garcinia morella 


58 

■ 34 — 37 ’ 7 

43 

J 



(kernels) 



4 - 

Madhuca butyracea 

Phulwara butter 

5 ° 

39 — 5 1 ’ 57 

1 

4 

5. 

Madhuca indica ^ 


48’ * 



y 

Mahua Oil 

5O—6O 

ib—24 

19—25 

6. 

Madhuca longifolia J 



30’ * 


7 - 

Shorea robusta 

Sal butter 

l6 

26.5° 

47 

8 . 

Vateria indica 

Dhupa fat 

02 —27 

I30—40° 10 

39 


(1) & i 7) Rau and Simonsen,, Indian Fot. Rec 1922, 9, iii, 12 & 14 ; 

*Bull. Indian Indi.str. Res., No. 10, 194.3, 64 ; rest, Jamieson. 
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In preparing stearic acid from tallow, the 
law material is purified by cooking it with 
di . sulphuric acid for about an hour and 
a halt, using live steam. It is then saponi- 
lied by Twitched or similar reagent prepared 
by heating a fatty acid, and an aromatic 
hydrocarbon, such as benzene or naphtha¬ 
lene with strong sulphuric acid (Hilditch, 

175'. The cleaned fat is mixed with 20-50 

percent, of its weight of water, some dil. sul¬ 
phuric acid and 0.75-1.25 per cent, of the 
u agent, and boiled with open steam for 
about 18-20 hours. The sweet water (gly¬ 
cerol) is run out and the mixture is given a 
second boding when nearly 97-98 per cent, 
of hydrolysis is completed. The crude 
acids are removed and allowed to cool and 
solidify. The cakes thus formed are wrap¬ 
ped m cloth and cold-pressed for 
about 2i hours. This gives the ‘single 
pressed acid. This is melted, solidified 
into cakes, and is subjected to two pressings 
111 a uP less 5 through which steam at 
120 lb. pressure is passed. The first hot 
piessmg <3-3J min.) gives the ‘double 
piessed acid and the second hot pressing 

l 5 " b , mm> ) §! ves th e ‘ triple pressed ’ acid, 
hach grade is melted and boiled with sul¬ 
phuric acid to improve its colour. Ulti¬ 
mately the product is cast into slabs (Indusir. 
Eng»g. Chem. 1929 , ai , 7ig) . If the raw 

matenal is of very low grade, the crude 
acids are purified by distillation in vacuum 
using copper stills. ’ 


pressures. 

In the quinquennium ending ’oft Qn 
average annual imports of stearic ar?,?’' the 
India amounted to 2,260 tonl 
Rs. 5.0 lakhs. During the War a 
Indian companies manufactured stearto -a 
from tallow, mahuaoi\(Madhuca i,S " 
hydrogenated oils. The oualin , '’and 
was poo,. The acid prodded 
used for the preparation of aluminium 
stearate, required for waterproofinglhricT 

° win g to heavy demand the priced of acid 
rose up,to Rs. 3 per lb. * 

Tannic Acid 


Fats are also split into their constituents 
by autoclaving them with water, usine 
certain basic oxides like lime, magnesia and 
zinc oxide as catalysts ( 2-4 per cent, by 
wt.i. Steam is admitted into the closed 
autoclave and kept at a pressure of 100-120 
lb. per sq. in. for 10-12 hrs., when nearly 
98-99 per cent, of fat is hydrolysed. When 
the reaction is complete, the mixture is 
blown out into a tub, and the upper layer 
after the removal of sweet water, is mixed 
Wlth d) !- sulphuric acid and boiled with 
steam m order to purify it Fat hv 
drolysis can also be effected without the 
use of catalysts at higher temperatures and 


Tannic acid or tannin is a constituent of 

(avel fr,’r , V ing ,1”™ 
wnnrH ’ f ’ bark ’ and so ™etimes also 
uood ). The pure acid, also called gallo- 

^anmc acid ordigallic acid, has the formula 
/ 4 10 <r ^ foi ms a pale yellow amor 
pilous powder, readily soluble in ’ water 
alcohol and acetone, but insoluble in ether! 
A\ hen heated, it decomposes at 210°. Tannic 

oronertf r ° ng T y a ? trin S ent ’ and has reducing 

salts alK ■ f gl \' eS P re cipitates with lead 
salts, alkaloids and proteins. 

In tannic acid or gallotannin, digallof 
lesidues are found combined with glucose. 
Ihe technical product is a yellowish white 
01 i-, it own powder with a characteristic 
odour. Some commercial samples also con- 
ain gallic acid. They are used only for 
technical purposes such as dveing ( as mor¬ 
dant), and manufacture of ink.' Extracts 
° inatenals containing gallotannins also 
may be used for technical purposes. 

Tannic acid of high purity is used for 
mecwinal purposes. It is prepared from 
galls (excrescence produced on plants when 
punctured by insects) of various species of 
Qmrcus (Oak) and Rhus (sumach). The 
tannin content of these varies from 50-70 
pu cent. The galls are exposed to moist air 
som e time, when they undergo fermenta¬ 
tion. They are then powdered and ex¬ 
tracted with warm water (50-60°). The 
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filtered solution is agitated for. some 
hours with one-quarter of its volume of 
ether. After a week, the aqueous layer is 
separated, and the dissolved ether distilled 
over. It is then concentrated to a syrupy- 
consistency and dried in thin films, on 
steam-heated plates or cylinders (Denston, 
A Text book of Pharmacognosy, 380). B. P. 
specifies that tannic acid, when dried at 
ioo°, should lose not less than 6 per cent, 
and not more than 12 per cent, of its wt., 
and should not yield more than 9.2 per cent, 
of ash. Limits are also set for gums, 
dextrin, sugars and salts. 

Tannic acid is now seldom given inter¬ 
nally as it may interfere with gastric diges¬ 
tion. Its principal use is in the treatment 
of burns. Originally, a freshly prepared 
2.5 per cent, aqueous solution was used, 
but recently it has been found that a strong 
solution ( 20 per cent. ) containing also 
a little of acriflavin (0.1 per cent.) gives 
better results. Tannic acid jellies, used for 
burns and scalds, usually contain 5 per cent, 
of tannic acid in tragacanth together with 
antiseptics. A 15 per cent, solution of 
tannic acid in glycerine is beneficial in 
follicular tonsillitis. 

During the last War, the Govt. Medical 
Stores and some pharmaceutical concerns 
in India prepared tannic acid required for 
military hospitals from myrobalans ( Ter- 
minalia chebvla, q. v.), and from imported 
galls. 

The chief difficulty in extracting tannic 
acid from the commoner tannin-bearing 
materials, such as myrobalans, divi divi 
and sumach, is the removal of the high 
proportion of colouring matters and soluble 
non-tannins which occur along with it. 
These may be extracted with alcohol or 
acetone. From the residue tannic acid 
is precipitated out as its lead salt, and 
regenerated by means of hydrogensulphide. 

Tartaric Acid 

Tartaric acid, C + H 6 0 6 , occurs in the 


form of colourless crystals ( m. p., 170°), 
readily soluble in water. The natural acid 
is dextro-rotatory, and occurs in several 
fruits, either in the free state or in the form 
of acid potassium tartrate or calcium tar¬ 
trate. 

The acid is mainly used in the prepara¬ 
tion of effervescent salines and beverages, 
in baking powders, in the textile industry 
(mordant), and in photography. Some of 
the salts, prepared from the acid, also find 
application in industries and analytical pro¬ 
cesses. 

Tartaric acid is a by-product in the pre¬ 
paration of wine from grapes. Crude argol, 
which separates out during the fermenta¬ 
tion of grape juice, contains 60-75 per cent, 
of potassium hydrogen tartrate. It is boiled 
with dil. hydrochloric acid and neutralized 
with milk of lime when calcium tartrate 
separates out. This is filtered, washed and 
decomposed by dil. sulphuric acid. Tartaric 
acid crystallizes out when the solution is 
filtered and concentrated in vacuum 
pans. 

Tartaric acid is mainly prepared in Spain 
and Italy. During the quinquennium 
ending (38-39, the average annual imports 
into India amounted to about 120 tons, 
valued at Rs. 1.5 lakhs. 

Tartaric acid occurs in the pulp of the 
fruits of tamarind tree (Tamarindus indicus), 
to the extent of 12.5-15 per cent., nearly 
half of it in the form of potassium hydrogen 
tartrate. The chief difficulty in the extrac¬ 
tion of the acid from this is the formation 
of a gelatinous or slimy mass when the 
pulp is boiled with water. This cannot be 
easily separated by filtration. Sudborough 
and Vridhachalam (J. Indian Inst. Sci., 
1920-21, 3, 61) have shown that if the pulp 
is autoclaved with water at 160° for one 
hr., the acid can be prepared by a method 
similar to the one used for its recovery from 
wine lees. The yield of free acid is about 
6 per cent, on the weight of pulp, and of 
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potassium hydrogen tartrate, 1.7 per cent. 
According to Marsden iib., 1922, 5, 157), 
fermentation of pulp before autoclaving 
gives slightly higher yields. 

TARTRATES 

Potassium hydrogen tartrate, also known 
as cream of tartar, is obtained by the puri¬ 
fication of argol. It is used in preparing 
baking powder. When neutralized with 
sodium carbonate, it yields potassium so¬ 
dium tartrate, known as Rochelle salt. 
Rochelle salt is used as a mild purgative, 
and is one of the constituents of Seidlitz 
powder. Potassium antimonyl tartrate, 
“ tartar emetic,” is prepared by treating- 
potassium acid tartrate with antimony 
trioxide. It is not now used as an emetic, 
but has been found valuable in the treat¬ 
ment of certain tropical diseases, such as 
leishmaniasis, filariasis, etc. It is also used 
in the textile industry as a mordant. 


EXPORTS OF SOME ACIDS FROM THE 
U. K. TO INDIA* 


Year 

Formic acid 

Acetyl salicylic acid 

Salicylic acid 


Cwt. 

£ _\ 

Cwt. 

• £ 

Cwt. 

£ 

> 

106 

329 

2,328 

81,875 

co 

t^ 

CO 

>4,963 


132 

<>33 

1,300 

34,042 j 

i 4,059 

44,988 

? 42 

n. a. 

1,115 

25,970 

1 2,312 

27,083 

’43 

241 

1,123 

1.922 

61,069 

; 4,000 

50,983 

’44 

•,212 5,728 

*97 

37,366 

3,041 

43,003 

45 

1.070 

4,97c 

878 

38,292 i 

626 

8,548 


* TV. U. K., III. 


ADHESIVES 

Adhesives are extensively used in a 
large number of industries for bonding 
surfaces. Natural adhesives include vege¬ 
table gums and resins, starches and dextrins, 
vegetable proteins, glue and gelatin, blood 
albumen, casein, etc. Shellac and rubber 
are also used for making adhesives. 


Gum adhesives are extensively used in 
India mainly in the paper trade/in calico 
printing, and in distempers and white 
washes. These are made from water-soluble 
gums, like gum arabic, babul gum, etc. 
For ordinary purposes, a solution of the gum 
in 2-3 parts of its weight of water is found 
satisfactory, and often 8-10 per cent, of 
glycerine is added, to avoid too rapid hard¬ 
ening of the gum film and to prevent the 
brittleness of the dried gum and filler. 
Such adhesives are stable and sticky, and 
pale in colour. They spread easily and 
dry quickly. 

Starch adhesives are relatively cheap and 
are extensively used for sizing and finishing 
textiles and paper, in calico printing, and 
in various other industries. The simplest 
type of starch adhesive is prepared by 
boiling starch with water and adding a 
little' copper sulphate to make it insect- 
proof. It is extensively used in bookbind¬ 
ing as a general adhesive. When alkali 
is slowly run into a thin suspension of starch 
in water and well-stirred, a clear jelly of 
considerable strength is formed. This is 
used in making wood or cardboard boxes. 
Starches gelatinized by concentrated solu¬ 
tions of certain salts, like the chlorides of 
calcium, magnesium and zinc, are com¬ 
monly used in office work. 

Dextrins, also known as vegetable gum, 
starch gum, British gum, gommaline, etc., 
are made from starches by the action of 
heat, acids or diastase. When dissolved in 
water they give better adhesives than starch¬ 
es. * Sometimes salts like sodium ammo¬ 
nium phosphate are added to make the 
dried films elastic. Dextrin adhesives 
are extensively used in postage stamps, 
stationery, paper-containers, and in label¬ 
ling. 

Glue (q. v.), prepared from slaughter¬ 
house wastes, is widely used in the wood, 
paper and textile industries, and also in 
the manufacture of abrasive paper and 
cloth. 
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ADHESIVES 


Casein cements are water-proof and are 
largely used in the manufacture of plywood 
for tea-chests and other purposes. Lactic 
casein is the only type at present manu¬ 
factured in India, but rennet casein is more 
suitable for adhesive purposes. The simplest 
casein adhesive is made from casein and 
caustic soda, but it is not water-proof. 
The addition of calcium hydroxide con¬ 
verts sodium caseinate into calcium case¬ 
inate and renders the adhesive water-proof. 
Barium and magnesium hydroxide may also 
be used in place of lime. The working 
life of these cements is due to the alkali. 
Adhesives having a good working life and 
water resistance can be prepared by ad¬ 
justing the proportion of lime to caustic 
soda. These are suitable for wet-mix only. 

A suitable composition for casein cement 
has recently been developed at the Forest 
Research Institute, ioo parts of casein in 
200 parts of water are added to a solution of 
32 parts of lime in 100 parts of water. To 
this mixture is added 2 parts of sodium 
silicate (40° Be'.) followed by a solution of 2 
parts of copper sulphate in 30 parts of 
water {Indian For. Bull., New Series, No. 116, 

x 945 > I2 )- 

In the manufacture of dry casein ce¬ 
ments, alkali is introduced in the form of 
the sodium salt of a weak acid (fluoride, 
phosphate, borate, etc.) with or without the 
addition of an equivalent proportion of 
slaked lime. Sodium silicate may also be 
used, but in this case the ingredients are 
mixed just before use. This salt lengthens 
the working life of the adhesive. 

Shellac adhesives consist generally of 
three types : ( a ) cements in solid form for 
melt or hot spray application, ( b ) adhesive 
pastes, and ( c ) glues and varnishes. The 
first type is prepared by melting and mixing 
orange shellac and hydrolysed lac at 11 o- 
120 0 , to which are added fillers, such as 
mica, slate dust, carbon black, etc. Ad¬ 
hesive pastes are made by mixing hydro¬ 
lysed lac and fillers with cold or warm water 


in a putty mill. Small amounts of malic 
and tartaric acids are added as adhesion 
promoters. The last type consists of solu¬ 
tions of orange shellac in methylated spirits 
with fillers and adhesion promoters {vide 
Murthy, Plastics, 1945, 9, 585, & 624). 

Shellac adhesives possess high bond 
strength to smooth surface, remain un¬ 
affected by ageing, and have a high re¬ 
sistance to attack by transformer oil and 
petroleum hydrocarbons. The extensive 
use of these adhesives is, however, limited 
by the brittleness, the low softening point, 
and the comparatively poor water resistance 
of shellac. These deficiencies, however, 
may be overcome by suitable modifications 
of the adhesives. 

In India, the use of shellac adhesives has 
greatly developed during World War II 
in the manufacture of various laminated 
products from jute, paper, fabric, etc. 
Shellac is also used in the manufacture of 
jute-fabric-laminates, called * Jutlac’. Mol¬ 
ten shellac is applied to the laminate 
surface in a continuous manner with the 
help of hot rollers. An alcoholic solution 
of the resins, obtained by modifications of 
shellac with formaldehyde and urea, or for¬ 
maldehyde and melamine, have also been 
tried at the Lac Research Institute for the 
preparation of laminated board. The boards 
thus prepared are reported to possess re¬ 
markable mechanical and shock-resisting 
properties, in addition to low water ab¬ 
sorption (. 7 . sci. industr. Res., 1946, 4, 

396 ). 

Grinding wheels are manufactured by 
the incorporation of abrasive powders in 
molten lac and shaping the composition 
while still hot and plastic. Some coated 
abrasives are also made with shellac ad¬ 
hesives. Shellac is the main constituent of 
sealing wax, and cements and adhesives 
for joining smooth surfaces, like glass, mica, 
metal plates, etc. Shellac adhesives are 
also used in India in the manufacture of 
various micanite products. 
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Rubber cements arc of two types • the 
divert,-rubber type and the latex type 
The former is made by dissolving pale crepe 
or smoked sheet rubber in solvent naphtha 
"rib or without the addition of benzed 
or carbon tetrachloride. The adhesive pro- 
,(' d ls lack >> 'iscous, and fast drying 

inflammable* tP bcs ‘ d 

\ J r b These ce ments are now pro- 
<tucLd for use m India in the rubber in- 
c ustry. including the manufacture of rubber 
mjIc. canvas shoes. Messrs. The Dunlon 
Ruober Co. India Ltd. produce annually 
-to,ooo gallons of rubber solution for cycles 
% r 5 >°oo gallons of vulcanfzfog 
solution, and 250 gallon* of upholster? 
cement and solution. H e • 

The latex type is growing in importance 
especial!> owing to its water resistance and 
good flexibility Ammonia is added as a 
stabiliser and this type of adhesive is often 
compounded with other glues to increase 
tneir adhesive properties. 

In the manufacture of black adhesive 
apes foi electrical insulators, suitable cotton 
cloth is dipped 111 a solution of rubber latex 
anc bitumen in mineral oil, dried, rolled 
thri 111 1 mo various sizes. Encouraged by 
die Dep. of Supply, two firms started pro-. 

C ^ Utt ^ in I943 ’ and their 
output in the following year was estimated 

f°. , be about 40 . tons (valued at Rs. 2 .8 
lakhs , a quantitv sufficient to meet the 
peace-time requirements of India (Thomas 
Kep. Metall. & Engng. Industr., 1944, 68}/ 
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No. , a " d SatisfaCt0ry water resistance 

Synthetic adhesives prepared from syn¬ 
thetic resins are of recent origin. Of these 
adhesives made from phenol-formaldehyde 
and urea-formaldehyde resin are the 
most important. The uniform quality and 
composition of synthetic adhesives enable a 
standardized gluing technique. They are 
besides, easily modified to meet the special 
requirements of any particular indusSy 

tn Jh glye moi 5 tur e-proof joints, resistant 
ti ernica ls> fungi, and insect attacks. 

hese are greatly in demand in aircraft 
shipbuilding and allied industries. In 
-ndia, small quantities of imported 

used m °fo S > n,hetic Products arc 

pfowood pl0duc,nR special 

aerated waters 

Aerated waters consist of carbonated 
uatei, containing small amounts of mineral 
salts. Lsually, the chlorides and sulphates 
ot sodium potassium, magnesium and cal¬ 
cium, sodium carbonate and phosphate, and 
sometimes also lithium chloride are used. 

o t dunks, such as lemonade, orange crush 
ginger beer, kola, and raspberry, are pre- 
paiecl by carbonating sweetened waters 
suitably flavoured and coloured. 


During the War ’39-45) due to shortage 
of casein, certain adhesives were developed 
at the Forest Research Institute, Dehra- 
Dun, from some oil-seed cakes and their 
proteins, ceieals, etc. to meet the increased 
demands of the plywood industry Indian 
For. LeajJs ., Nos. 15, 16, 40, 52, 58, 59 and 
U2 . 1 hese were also used in the textile 

and paper industries. An adhesive pre¬ 
pared by suitably mixing groundnut pro¬ 
tein, lime, sodium silicate, and copper 
sulphate was found to possess good dry 


The water to be used, unless it is already 
filtered and treated, as from a city supply 
pipe, should be purified and chlorinated. 
A hard water, especially one owing its 
hardness to calcium sulphate, is best suited 
to soda water manufacture. The addition 
of certain salts—soda salts—helps in the 
letention of carbon dioxide in the form of 
bicarbonates. Soft water is used for sweet 
drinks. This enables proper blending of 
the constituents. 

The larger factories produce pure carbon 
dioxide in generators by the action of sul¬ 
phuric acid on sodium bicarbonate. Small 
concerns make use of steel cylinders of com- 
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